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A LETTER received from a friend, after the publica- 
tion of 'The Ocean/ reminds me that I have not 
made any special reply to Professor Huxley's reason 
for the rejection of the theory of Vis-InertiaB. 

The main point of his objection was in fact anti- 
cipated and refuted in the Treatise on Vis-Inertiae 
before he made it ; and with the single exception of 
this point, his observations are not, pertinent to the 
question at issue, and show that he either had not 
read, or had read without understanding, the work 
he condemned. 

Professor Huxley says : — ' We all know, as a matter 
of physics, that the water at the equator partakes of 
the motion of the earth at the equator.'^ 

This sweeping assertion is apt to impress anyone 
not acquainted with the subject with the idea that 

* This Preface is extracted from Replies to Critics, 
2 Proceedings of the Royal Geographical Society, issued April 
16, 1869, p. 111. 
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the facts, as regards the question of the ocean moving 
with the earth, or moving westwards over it at the 
equator, are against the theory of Vis-InertiaB ; 
whereas the question at issue is theoretical only, 
because, as regards the facts, all who have given due 
attention to the subject are agreed that, as a matter 
of fiict, the surface of the ocean in the equatorial 
regions does not keep pace with the earth's rotation. 
As the ground beneath it rolls eastwards, the water 
has a relative motion westwards. The facts of the 
case are clearly in accordance with the theory of Vis- 
Inertiae ; and therefore, without attempting nicely to 
distinguish between ' matter of fact ' and * matter of 
physics,' I must presume that the question at issue 
with Professor Huxley is as to whether the westward 
motion of the water is caused by the winds ; or 
whether, as I say, the rotation of the earth gives both 
the water and the air a relative motion westwards; 
and the action of the air, in more rapid motion than 
the water, only increases the amount of the westward 
motion of the latter which would result indepen- 
dently of the action of the winds. I have said, I 
presume that Professor Huxley considers the west- 
ward motion to be caused by the winds, because I 
know of no other force he is likely to adopt, after 
rejecting the current-creating action of the earth's 



PREFACE. IX 

rotation; but, at the same time, I must say that the 
tenor of his observations leads me to think it not at 
all unlikely that the distinguished Comparative Ana- 
tomist has not given sufficient attention to the subject 
of ocean currents, to know very definitely what his 
own opinion regarding the cause of the circulation 
of the ocean really is. 

Dr. Carpenter, in a more definite manner, ex- 
presses the same opinion as Professor Huxley, 
saying : — 

' Much ink has been wasted in the discussion of 
a question which the common sense of anyone who 
rightly apprehends the fundamental principles of 
physics should enable him to answer at once, viz. the 
influence of the earth's rotation upon the movement 
of the water which fills its ocean basins. This in- 
fluence, supposing that water to be otherwise stationary, 
will be simply nil ; for the water lying under each 
parallel will have the same rate of rotation from west 
to east as the solid earth in that parallel.'^ 

Dr. Carpenter's appeal to common sen^e in this 
matter seems to me to be doubly unfortunate for his 
cause; for — 

First, even supposing the common sense evidence 
to be in &vour of his opinion, in questions of this 

* CorUemporary Review, September, 1875, p. 579.. 
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nature, what is apparently common sense ceases to 
be so as soon as irrefutable argument, previously 
unknown, is brought against it. 

Thus, at one time, the common sense of everyone 
told him clearly that the earth was stationary; but 
argument, based on physical phenomena, has since 
brought common sense to the opposite view of the 
question. 

So also common sense tells us that the moon has 
no axial rotation, for we all see it revolving round 
the earth without rotating; but remarkably abstruse 
argument, which many intelligent people either can- 
not understand, or understand to be vitiated by an 
erroneous definition, leads those who are now con- 
sidered orthodox astronomers to consider that it does 
rotate. 

And, secondly, as regards the very question for 
the decision of which Dr. Carpenter now appeals to 
common sense, it is against his view. His vie^7 is 
that which argument has forced those who accept 
what is at present the orthodox definition of Vis- 
InertiaB to adopt, notwithstanding that the primd fade 
evidence of physical phenomena is against it. It is 
argument alone, and not the evidence of common sense ^ 
which leads to the assertion that the water naturally 
keeps pace with the motion of the surface of the 



PREFACE. XI 

earth on which it rests ; whereas, since whenever we 
wish to move a cup full of water we have to be care- 
ful to prevent it from being spilled by the tendency 
of the water to lag as the surface on which it rests 
is moved, common sense inclines to tell us that the 
ocean must also tend to lag as the surface on which 
it rests is moved; and we have no direct evidence 
whatever from physical phenomena in favour of the 
opposite view. 

I have, indeed, heard it urged that the ocean 
lying on the surface of the earth cannot be treated as 
water contained in a cup. I cannot, however, imagine 
where to draw the line between them, as the cup 
may be indefinitely enlarged and at the same time 
changed in form to suit the gradual increase of the 
curve on the surface of the water it contains. At 
what point in its gradually increasing size and 
changing form is it to be considered as subject to the 
action of the same forces as the ocean? Is this not 
to occur until it has attained such size and shape, and 
been so placed, as to form a lining to the actual basin 
of the ocean ? 

It is evident that the only question reasonably at 
issue is as to whether the force which moves the 
earth leaves the ocean, subject to the action of Vis- 
InertiaB, in the same manner as the water in the cup 
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moved by the hand ; and it seems to me that the 
piling up of the ocean about the equator is reasonable 
evidence that this is the case, even apart from other 
arguments which I have adduced to the same eflFect. 

But besides all this, which may, I think, be 
termed the merely * common sense ' view of the 
matter, I have endeavoured to point out — 

First, that what Dr. Carpenter now accepts as 
the * fundamental principles of physics,' contains an 
error, which consists in defining Vis-InertiaB to be a 
property by virtue of which matter perseveres in its 
state of rest or motion^ which I have shown embraces, 
under one term, two not only distinctly diflPerent but 
even antagonistic forces ; for I have shown that the 
force which makes matter * persevere in its state of 
rest,' also endeavours to bring it, when in motion, 
to a state of rest; and therefore if we apply the 
term Vis-Inertia3 to that force, we cannot reasonably 
apply that same term to the force which makes matter 
* persevere in its state of motion/ This latter is the 
force to which I have applied the term * evanes- 
cence/ 

And secondly, I have endeavoured to point out 
that the water actually does tend to lag over the 
surface of the earth ; which latter * the fundamental 
principles of physics ' have recently admitted to be 
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in motion, and have therefore modified themselves 
in accordance with that discovery. 

I have, in fact, by argument which Dr. Carpenter 
has not attempted to controvert, shown that I 
* rightly apprehend ' those * fundamental principles 
of physics ' to be wrong. Be this, however, as it 
may, it is admitted, even by those who accept what 
Dr. Carpenter is pleased to call the * fundamental 
principles of physics,' that the first impulse of the 
earth's rotation is to give the water which lies on the 
surface of the earth a tendency to move from the 
poles towards the equator,^ and that another impulse 

^ The impulse directly imparted by astral gravitation is up- 
wards and westwards/ at a tangent to the surface of the earth in 

* As the particles rise upwards in the plane of the equator under the 
action of the centrifugal force, the motion imparted to them by the rotat- 
ing surface carries them on eastwards ; but, as that centrifugal force is 
astral gravitation,* it is impossible for them to have so fast amotion as the 

* I have shown that the motion imparted by a rotating surface cannot 
act as a centrifugal force, but that the latter is a force which resists and 
retards the motion ; and that the force of astral gravitation which draws 
the particles from the centre of rotation is a part of the action of vis- 
inertisB by virtue of which each particle resists the rotating force. 

< The effects are matters of observation, so that the point at issue is as 
to how those effects are caused ; and I maintain that vis-inertias holds the 
planets in equilibrium, the centripetal force of the sun*s gravitation being a 
part of the action of the planet's vis-inertise, just as much as the centrifugal 
force. The error lies in the cause to which the tangental effort is attributed ; 
and I have endeavoured to show that that effort is not caused by the vis- 
inertisB of the planet tending to carry it onwards along the tangent, but by 
astral gravitation (a part of the action of vis-inertisB) retarding it, and 
tending to draw it backwards farther and farther from the successive posi- 
tions to which the revolving force carries it along its orbit. 

< Yis-inertise is the combined action of universal gravitation which 
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gives any water so moving a tendency to move from 
east to west : and I have shown that those impulses 
are constant, and produce a constant circulation of 
the ocean and atmosphere, by the action of precisely 
the same cause as that which gives motion to water 
in a cup moved by the hand. 

the plane of rotation ; and, in consequence of the existence of that 
impulse, there is inBtantaneously an impulse towards the equator 
from all other parts of the ocean ; because, except on the equator, 
the direct force of the earth's gravitation acts across the plane of 
i*otation. 

surface from which they rise, and they therefore have a relative motion 
westwards over it. 

If water be dropped on a spinning top it is thrown off ; or, if a wet 
mop be twirled rapidly, the water flies off in all directions ; or, if a 
saucer full of water be made to rotate, the water flows over the edge 
all round; and the centrifugal force in all these instances is of pre- 
cisely the same nature as that which acts on the ocean.* But in the 
latter case the water falls back on the rotating surface and has its motion 
renewed. 



actually does keep the planet on the line of its orbit, opposing any 
tendency from, as much as towards, the sun.' — The Ocean, Preface, p. xiii. 

* Astral gravitation affects the water on the rotating top in the same 
manner as that on the rotating earth ; but as in relation to the rotating 
top the earth's is as much an extraneous force of gpravitation as that of 
any star, its gravitation is in that instance embraced in the term astral 
gravitation. 

* I have shown that, as regards the motion of the planets in their orbits, 
the centrifugal force which opposes the centripetal force of the bodies 
which compose the solar system, one towards another, and all towards their 
common centre of gravity, is the force of astral gravitation opposing that 
of solar gravitation ; so that in their courses they are borne smoothly 
along the lines of equilibrium lying between opposing forces of gravita- 
tion.' — The Ocean, Preface, p. xi. 
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CHAPTER I. 

THE ACTION OF SOLAR HEAT. 

1. By the heating action of the sun's rays, the tem- 
perature of the earth's surface is made greater all 
round the equatorial regions than in the polar 
regions. And I think I may venture to state that 
all who have studied the subject are now agreed that 
this unequal distribution of heat tends to cause an 
atmospheric circulation in consequence of the natural 
tendency of the air, heated by the sur&ce on which 
it rests, to rise upwards, and so to cause an indraught 
from the cold to the warm regions in the under 
strata, with a return flow through the upper strata 
in the opposite direction. 

2. It is mere matter of fact that in the equatorial 
regions the course of the winds of the lower strata, 
known as the Trade Winds, accords with the fore- 
going theory ; for those winds converge towards the 
equator from each of the tropics. 
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3. But it is also mere matter of fact that the 
Trade Winds, blowing towards the equator,^ do not 
blow along the surface of the earth from the cold to 
the warm regions, but are contained within the warm 
regions ; whilst from the latter regions the winds, 
known as the Anti- Trade Winds, blow along the sur- 
face of the earth through the temperate zones to the 
cold regions. 

* * Halley, in his theory of the Trade Winds, pointed out the 
key to the explanation so far, of the atmospherical circulation ; 
but were the explanation to rest here, a north-east trade wind ex- 
tending from the pole to the equator would satisfy it ; and were 
this so, we should have on the surface no winds but the north- 
east trade winds on this side, and none but south-east trade winds 
on the other side of the equator.' — Maury's Physical Geography of 
tJie Sea, § 128. 

'Setting off from the polar regions, this particle of air, for 
some reason which does not appear to have been very satisfactorily 
explained by philosophers, instead of travelling all the way on the 
surface from the pole to the equator, travels in the upper regions 
of the atmosphere until it gets near the parallel of 30°. Here it 
meets, also in the clouds, the hypothetical particle that is coming 
from the south, and going north to take its place.' — Idem, § 129. 

* We can understand why there should be an uprising of the air 
which the two systems of Trade Winds pour into the equatorial 
calms. But when this air commences to flow towards the poles as 
an upper current, we cannot understand why it should not con- 
tinue gradually to descend and turn back all the way from the 
equator to the poles ; nor, as far as investigation has gone, has 
any explanation l^en suggested for the calm belts of the tropics ;* 



• The calms of Cancer, and those of Capricorn, are found just about 
the latitudes across which we should naturally expect to find the trades 
blowing most stronglj^ and most steadily, if solar heat were the principal 
cause of atmospheric circulation. 
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Since, then, the general course of the winds of the 
lower strata is from the direction of the hot to that 
of the cold parts of the earth, which is exactly the 
reverse of what the diflFerence of temperature tends to 
cause, it is evident that the existing atmospheric cir- 
culation is the result of the action of some greater 
force than that of the heating action of the sun's 
rays ; and it is therefore expedient to endeavour to 
ascertain what those forces are before entering on a 
detailed consideration of the action of solar heat. 

nor can we tell why the upper currents should meet at one parallel 
in preference to another. But the fact of a meeting and a pre- 
ference is certain.' — Iderriy § 133. 

Maury concludes a suggested explanation of the foregoing by 
saying : * Nevertheless, as Halley said in his paper read before the 
Royal Society in London in 1686, and as we also have said, " It is 
likewise very hard to conceive why the limits of the Trade Wind 
should be fixed about the parallel of 30° all around the globe, and 
that they should so seldom exceed or fall short of those bounds." ' 
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CHAPTER 11. 

THE ACTION OF SOLAR AND LUNAR GRAVITATION. 

1. Let us consider what effect the gravitation of the 
sun and moon can have on the atmosphere, as they 
pass from east to west over the equatorial regions. 

For this purpose let the circle N e s w be the solid 
surface of the earth, w e the equator, N the north, and 
8 the south pole ; and let a J c d be the form which 
the air would take along any meridian under the sole 
action of the earth's gravitation, the earth being at 
rest. 

Then the force of the earth^s gravitation drawing 
towards the centre r is equal at the points q and b. 

Let u g phe the form which the air would take 
along that same meridian, on the introduction of a 
given foreign force of gravitation at m, in the plane 
of the equator ; and let the air be in equilibrium on 
the surface of the earth under the action of these 
forces, so that the pressure of the column e ^ on the 
surface at e is equal to that of y w at y. 

The earth's gravitation is greater at u than at ^, 
the radius r u being less than the radius r g. And 
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the force acting from m is greater at E than at y, and 
greater at g than at w, the distance E m being less 
than the distance y iriy and g m less than w m ; so that 
the force acting towards m along the line e ^ is 
greater than along the line y u. 

Therefore, though the air remain in equilibrium 
under the action of these forces without changing its 
form or position, there must be a constant circulation 
of the fluid particles of which it is composed, because 




whatever be the relative amounts of force acting 
towards r and m respectively, the ratio which that 
acting towards r bears to that acting towards m must 
be greater in the line y u than in the line e ^, and 
there must therefore be a motion of the particles from 
w to y and from e to g. 

The air must therefore, on that meridian, be con- 
stantly sinking in the temperate and rising in the 
equatorial regions of the ocean ; for by the change in 
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the form of the air which restores the equilibrium of 
its pressure on the earth, the cause for the rising in 
the equatorial and sinking in the temperate regions is 
not removed but increased. 

Now let the force %t m have a motion along the 
equator. 

Then the circulating action is transferred con- 
secutively to each meridian ; and as it passes away 
from any meridian the air falls on the equator there 
under the influence of the earth's gravitation, without 
such cause for a circulation of the particles between 
the equator and the temperate regions during the fall 
as existed during the rise on the equator. 

Therefore, each passage of the sun or moon across 
the meridian tends to bring any given surface strata 
nearer to the bottom in the temperate regions, and to 
raise any given bottom strata nearer to the surface in 
the equatorial regions. 

Also, because the force of the earth's gravita- 
tion is greater in the line N e than in the line / g^ 
whereas that of the sun and moon, drawing towards 
^, is greater along the line / g^ therefore there is 
a preponderance of force in the upper strata of the 
air tending to cause a circulation in the direction 

But, as the excess of this horizontal force, tend- 
ing to cause a circulation with an upAvard motion 
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about the poles, is greatest in the polar regions, and 
decreases gradually towards the equator, where it 
ceases to act ; and the excess of the vertical force 
previously described as tending to cause a circula- 
tion with an upward motion about the equator, is 
greatest in the equatorial regions, and decreases 
gradually towards the poles, where it ceases to act ; 
therefore, the sinking motion must be in an inter- 
mediate latitude with a circulation in the direction 
u y "S f uia the polar regions, and in the direction 
u y ^ g uin the equatorial regions. 

2. We thus find that the gravitation of the sun 
and moon tends to cause the winds to blow along 
the surface of the earth towards the poles as well 
as towards the equator from an intermediate latitude. 
And it is mere matter of fact that the Trade Winds 
blow towards the equator, and the Anti- Trade Winds 
towards the poles from an intermediate latitude. 

3. It will, however, naturally be observed that 
this circulating action of the gravitation of the sun 
and moon is intermittent on any given meridian, 
having eflfect only whilst either of those bodies is 
crossing the meridian ; and therefore it cannot be 
accepted as a full explanation of winds which have 
so much stability as the Trades and Anti- Trades. 

Let us therefore look for some more stable cause. 
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CHAPTER III. 

THE MERIDIONAL ACTION OF THE EARTH's ROTATION. 

1. It is a well-known fact that, as the earth rotates, 
a centrifugal force resulting from that rotation causes 
a depression of the ocean in the polar regions, and 
a corresponding accumulation of water about the 
equatorial regions. And there is no reason to doubt 
that that centrifugal force acts in the same manner 
on the atmosphere. 

Let us consider the mode in which such a trans- 
fer of air from the polar to the equatorial regions 
may be effected ; and whether, besides changing the 
level, it can have any tendency to cause a constant 
circulation in the atmosphere. 

For this purpose let the circle N w s e be the 
surface of the earth, n the north, and s the south 
pole. And let the circle a b c d he the form which 
the atmosphere would take with the earth at rest. 

Then give the earth an axial rotation in the 
plane of the equator w e. 

This rotation gives the particles of air resting 
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on each parallel of latitude a tendency to fly off from 
the circles in which they are revolved. 

Thus, under the action of the centrifugal force, 
the particles at x tend to fly off in the direction on t^ 
or in that plane parallel to the equator. 

But the earth's gravitation, acting across that 
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plane in the direction v r, draws them towards the 
equator. 

Thus, as the centrifugal force tends to throw off 
the particles in the plane of rotation z a?, the earth's 
gravitation inclines them out of that plane into the 
next parallel of greater circumference, o y, where 
the centrifugal force is augmented ; and pressing 
in this manner through each parallel of latitude 
towards the equator, they replace the particles at 
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E, whose centrifugal force carries them towards b 
and^. 

Thus the air sinks from a to n, glides along the 
surface of the earth from n to e, and rises upwards 
from E to g. 

The centrifugal tendency imparted by the rotating 
surface of the earth increases as any particle travels 
from N to E ; but as it rises from e to ^ it gradually 
loses the centrifugal impetus which caused it to fly 
off from the surface at e, and as the particles raised 
up towards g lose their centrifugal force, their gravi- 
tation to the earth must tend to restore the equi- 
librium of the ocean, making the pressure of the 
column E ^ at E equal to the pressure of n/ at n. 

But as the centrifugal force continues to act on 
the particles resting on the surface of the earth tend- 
ing to carry them from n through a? y to E and J, they 
prevent the particles at g from falling to the earth in 
a direct line ; and therefore as the centrifugal force of 
the particles at x tends to cause them to displace 
those at e, and that of the particles at e tends to cause 
them to displace those at ^, the latter are by the 
earth's gravitation (being released from the immediate 
action of the centrifugal force) drawn back towards /, 
and thus supply the sinking motion from / to N. 

A constant circulation in the direction E ^/n e is 
thus established with the ocean in equilibrium. 
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Also, because, being less firmly held by the 
earth's gravitation, the particles in the line / u 
are more free to flow towards the equator under 
the action of the centrifugal force, than those in the 
line N y ; therefore, there is a tendency to a circula- 
tion in the direction ysfug'Ey. 

But, as the excess of this horizontal force, tending 
to cause a circulation with an upward motion about 
the poles, is greatest in the polar regions, and de- 
creases gradually towards the equator, where it 
ceases to act ; and the excess of the vertical force 
previously described as tending to cause a circu- 
lation with an upward motion about the equator, 
is greatest in the equatorial regions, and decreases 
gradually towards the poles, where it ceases to act ; 
therefore, the sinking motion must be in an inter- 
mediate latitude with a circulation in the direction 
u y n/ u in the polar regions, and in the direction 
u y ^ g uin the equatorial regions. 

2. It thus appears that the rotation of the earth has 
a constant and equable tendency to cause the winds 
to blow, along the surface of the earth, towards the 
poles and towards the equator from an intermediate 
latitude. 
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CHAPTER IV. 

IDENTICAL ACTION OF CENTRIFUGAL FORCE AND 

GRAVITATION. 

1. It appears from the two preceding chapters that 
the circulating action of the gravitation of the sun 
and moon meridionally diflfers in no respect from that 
of the centrifugal force resulting from the earth's 
rotation, except in the fact that the former is inter- 
mittent on each meridian, whereas the latter is con- 
stant. And as the forces of the gravitation of the 
sun and moon have in feet each the action of a cen- 
trifugal force on the atmosphere, for their attraction 
tends to draw the air from the earth, the similarity 
of their circulating action with that of the centrifugal 
force resulting from the earth's rotation makes their 
force of gravitation practically form an intrinsic part 
of the centrifugal force which tends to cause the 
circulation just described. 

We cannot, however, here fail to observe that, 
though the gravitation of the sun and moon acts in 
concert with the centriftigal force created by the 
earth's rotation, still, as the latter tends to cause a 
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constant and equable system of circulation ; therefore, 
if the former forces are each an intrinsically different 
force added each time either of those bodies crosses 
the meridian, and if their force is not very slight 
compared with that created by the earth's rotation, 
an intermittent action corresponding with their move- 
ments should be apparent. 

2. Apart from this latter question, however, it is 
for the moment sufficient that we have found in these 
forces a cause for the Trade Winds to blow towards 
the equator, and for the Anti-Trades to blow towards 
the poles. And in the heating action of the sun's 
rays we have found a cause for the former being less 
inconstant than the latter ; for that action tends to 
assist the formation of the Trade Winds, whereas it is 
constantly tending to reverse the course of the Anti- 
Trade Winds. 
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CHAPTER Y. 

ACTION OF THE EARTh's ROTATION. THE NORMAL 

CIRCULATION. 

1. It will be observed that we have thus far described 
the action of forces tending to cause a circulation 
meridionally between the equator and the poles, ir- 
respective of latitudinal motion. 

It is, however, mere matter of fact that the Trades 
blow from the east, and the Anti- Trades from the west. 
And I think I may venture to state that all who 
have studied the subject are now agreed that, as the 
air passes from one parallel of latitude to another, 
the diflPerence in the velocity with which the earth's 
rotation tends to carry the air along with that motion, 
tends to give the Trades an easterly, and the Anti- 
Trades a westerly direction. 

2. But it is also mere matter of fact that the 
Trades have more easting and the Anti-Trades more 
westing than can reasonably be accounted for by 
this latter action ; for a great part of the Trade Wind 
blows steadily from due east, and a great part of the 
Anti-Trade as steadily from due west. 
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The existence of these winds last described is 
clearly the effect of some circulating action which 
we have not yet taken into consideration. 

3. And the existence of some such force as just 
suggested, acting along the parallels of latitude, is 
further indicated by the fact that near the equator, 
when the Trade Winds are blowing steadily from 
SE. and NE. with fine bright weather, drifting belts 
of clouds may frequently be seen in the upper strata 
driving away fi'om the equator across the course of 
the Trade Wind below them, showing the Upper, or 
Return Trade, to be blowing jfrom NE. over the SE. 
Trade, and from SE. over the NE. Trade. 

This also indicates the existence of a force acting 
from east to west, over the equatorial regions, which 
we have not yet considered; for, if the easting and 
westing of the winds were caused simply by their 
change of latitude, the Upper Trade ought to blow in 
exactly the opposite direction to the Trade below it ; 
for the difference in the velocities of rotation would 
impart just as much westing to the wind blowing 
from the equator, as the easting imparted to that 
blowing towards the equator. 

4. Let us therefore look for some absolute cause 
for the prevalence of easterly winds in the equatorial, 
and westerly winds in the temperate regions, beyond 
the easting and westing, which the difference in the 
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velocity of rotation tends to impart to winds which 
blow across the parallels of latitude. 

And, indeed, since it is certain that the earth's 
rotation affects the course of the winds when set in 
motion northwards or southwards by other forces, it 
is equally certain that, independently of the action 
of any other force, it must have a true current- 
creating action along the parallels of latitude, as well 
as the circulating action meridionally already des- 
cribed; for, the fact of the air tending to retain the 
motion of that part of the earth's surface from which 
it comes, instead of naturally taking that of the 
surface on to which it is moved, shows that it does 
not partake of the earth's rotation by any spon- 
taneous tendency; but that its motion is commu- 
nicated to it by the surface on which it rests. And 
if thus dragged along by that surface, it must have 
an inherent tendency to lag. 

5. This tendency of the air to lag westwards as the 
earth rotates eastwards seems innnediately to force 
itself on our attention as we seek an explanation of 
the existence of easterly winds in the equatorial 
regions, counterbalanced by westerly winds in the 
temperate zones. For the westward pressure of the 
air, resulting from the earth's rotation, is obviously 
greatest where the velocity of rotation is greatest. 

6. And therefore, besides the predominant ver- 
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tical force in the equatorial, and horizontal force in 
the polar regions by which the earth's rotation causes 
the meridional circulation already described, there is 
a predominant westward force in the equatorial 
regions tending to cause a circulation along the 
parallels of latitude, westwards in the equatorial 
regions, and eastwards in higher latitudes. 

7. We have thus traced in the earth's rotation 
an absolute cause for a circulation of the atmosphere 
by the action of forces which in the equatorial 
regions carry it upwards and westwards, and in the 
upper strata carry it towards each temperate zone 
from the equator and from the nearer pole; whilst 
in each temperate zone they carry it downwards and 
eastwards, to diverge jfrom these zones along the 
surface of the earth towards the equator and towards 
the poles. 

It is mere matter of fact that the foregoing are 
the broad outlines of the existing aerial circulation ; 
and, presuming that we have correctly traced the 
forces which combine to cause that circulation, let 
us now proceed to consider what that last traced 
force, by virtue of which the air resists the tendency 
x>{ the earth's gravitation to carry it eastwards, is, 
and how it is related to the centrifugal force, to the 
action of which we have traced the meridional cir- 
culation. 
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CHAPTER VI. 

ASTRAL AND TERRESTRIAL GRAVITATION. 

1. Immediately we realise the fact that, as the 
earth rotates eastwards, its gravitation tends to carry 
the air eastwards together with the surface on which 
it rests, we are compelled to admit that, as the force 
of gravitation is not only a connecting link between 
each particle of air and the earth, but also between 
each particle of air and every other particle of the 
universe ; therefore, if we suppose any given particle 
of air to be at any given moment in the position in 
which the combined action of all forces of gravitation 
tends to hold it, then as the earth's gravitation tends 
to carry the particle from that position, that effort is 
resisted by the combined action of all other powers 
of gravitation which tend to keep the particle in its 
former position. 

2. It is thus evident that the earth's rotation 
causes a conflicting action of different forces of gravi- 
tation in the atmosphere. Whilst terrestrial gravi- 
tation tends to carry the particles of air eastwards 
with the earth's rotation, the combined action of all 
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other forces of gravitation tends to keep them in 
their former position. And as this latter force, to 
which I have elsewhere applied the term astral gravi- 
tation, acts in exactly the opposite direction to that 
of terrestrial gravitation, it tends to draw the par- 
ticles backwards at a tangent to the circles in which 
they are revolved. And therefore, in this action of 
the extraneous force of gravitation we obviously find 
combined both the westward and the centrifugal 
force created by the earth's rotation ; for the action 
backwards at a tangent is not only a westward, but 
also an upward or centrifugal force. 

3. As we have now ascertained that the current- 
creating action created by the earth's rotation is the 
combined action of all. extraneous forces of gravita- 
tion, resisting the effort of terrestrial gravitation to 
carry the air along with the earth's rotation, the gra- 
vitation of the sun and moon is therefore an intrinsic 
part of the extraneous force of gravitation, whose com- 
bined action acts equably all round the earth; and 
therefore there will be no such intermittent current- 
creating action as suggested on page 13 dependent 
on their movements, though their passage across the 
meridian doubtless causes a tidal action in the atmo- 
sphere analogous to that in the ocean. 
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CHAPTER VII. 

REVOLVING ACTION OF THE EARTH's GRAVITATION. 

Let us now consider whether that action of the 
earth's gravitation, which tends to carry the air east- 
wards, is identical with the total direct force of its 
gravitation drawing towards its centre; and if not 
identical, then to consider what relation the two 
forces bear to each other. 

The mere suggestion of the question as to whether 
these forces are or are not identical, immediately forces 
upon iis the reply that they obviously are not so. 
For, in respect to the direct force of the earth's gra- 
vitation, every particle of the earth tends to draw 
any given particle of air more or less towards the 
centre of the earth; whereas, in respect to the revolv- 
ing force, it is only the gravitation of the nearer half 
of the earth which can tend to carry any given par- 
ticle of air eastwards ; whilst the remoter half, moving 
in the opposite direction, must just as certainly tend 
to carry that given particle of air westwards. There- 
fore, the revolving force of the earth's gravitation 
depends on the excess of the eastward action of the 
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gravitation of the nearer, over the westward action of 
that of the remoter half of the earth. 

The absolute amount of the revolving force clearly 
depends on the velocity of the earth's rotation. But, 
since the difference between the force of the gravita- 
tion of the nearer and that of the remoter half of the 
earth is inversely as the cube of the distance from 
the centre of gravity of the nearer half of the earth; 
therefore, whatever the velocity of rotation may be, 
the revolving force must, at different distances from 
the earth, be inversely as the cubes of those distances. 
It is obvious that just as the revolving force depends 
on the velocity of rotation, so also does the centri- 
fugal force, which must increase or diminish as the 
revolving force increases or diminishes. 

It thus appears that, as the earth rotates, the com- 
bined action of its gravitation exerts a revolving and 
centrifugal force, the absolute amount of which, as 
compared with the direct force, depends on the velo- 
city of rotation ; but which, at different distances 
from the surface of the earth, is inversely as the cube 
of the distance from the centre of gravity of the 
nearer half of the earth ; whereas the direct force of 
the earth's gravitation is inversely as the sqnare of 
the distance from the centre of the earth. 
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CHAPTER VIIL 

LAGGING OF THE TRADE WINDS AND THE MOON. 

Let us look for some indication of the existence of 
this revolving force about the earth. 

We know that just as the direct force of the 
earth's gravitation holds the air about the earth, so 
also it holds and controls the moon in its orbit round 
the earth. 

Let us then consider whether the actual velocity 
of the Trade Winds, and that of the moon's motion 
in its orbit, are such as to admit of their being de- 
pendent on the action of the revolving force exerted 
by the earth's rotation. 

Let us estimate the velocity of the Trade Winds, 
lagging westwards over the surface of the earth, at 
16 miles an hour, which is, I think, practically the 
lowest rate at which we can estimate their normal 
velocity. The moon lags in its orbit in the same 
manner at the rate of about 58,000 miles an hour. 

Then, the relative velocities of motion being as the 
square roots of the motive forces, and the lagging in- 
versely as the velocity, the relative lagging velocities 
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of 16 miles and 58,000 miles make the relative motive 
forces as 3,364,000,000 is to 256. And, as the re- 
volving force is inversely as the cube of the distance 
from which it acts, the relative distances are in- 
versely as the cube roots of the forces ; which makes 
them as 6*3 is to 1490. This makes the moon 236 
times as far as the air from the source of the re- 
volving force, and therefore places the latter point 
about 1,000 miles below the surface of the earth. 

We may, however, safely reckon that, but for 
the actual contact of the air with the earth, the same 
amount of revolving force would allow it to lag 
much more than it actually does ; and this would 
make the source from which the revolving force 
must be measured still farther below the surface 
of the earth . 

Be this, however, as it may, it is mere matter 
of fact that the actual velocity of the lagging of the 
moon, as compared with the actual velocity of the 
Trade Winds, accords with the action of a revolving 
force acting from some point between the centre 
and the surface of the earth, and with a force in- 
versely as the cube of the distance from that point. 
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CHAPTER IX. 

LAGGING OF THE PLANETS IN THEIR ORBITS. 

Immediately we realise the fact that the actual cu*- 
culation of the atmosphere, and the actual motion 
of the moon in its orbit, accord with the idea of 
both those phenomena being the result of the exist- 
ence of a revolving force about the earth, acting with 
a power inversely as the cube of the distance from 
its source in the earth, we are then almost forced 
to the conclusion that, if such a power really is the 
cause of the moon's onward motion in its orbit round 
the earth, then the action of a similar force about 
the sun must be the cause of the onward motion 
of the planets in their orbits round the sun. 

On turning to the consideration of this question, 
we are immediately met by a difficulty in the fact 
that, as w^e do not know what the rotation of the 
sun is, we do not know how much the planets lag 
over its surface. 

As, however, we do know what the onward mo- 
tion of each planet in its orbit is, let us consider 
whether those motions are such as to admit of their 
being caused by the action of a revolving force about 
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the sun, acting with a power which at different dis- 
tances is inversely as the cubes of the distances. 

In respect to this, it is mere matter of fact that 
the squares of the periods in which the planets are 
revolved about the sun are to one another inversely 
as the cubes of their distances from the sun. 

But, as the revolving force of which we are 
seeking evidence is inversely as the cube of the 
distance from the sun ; therefore the squares of the 
periods in which the planets are revolved represent 
the relative amounts of the revolving force in each 
orbit. 

Thus Mars is four times as far as Mercury from 
the sun, so that, as the sun's revolving force is in- 
versely as the cube of the distance from the sun, 
its force in the orbit of Mercury is sixty-four times 
greater than in that of Mars, and Mercury is re- 
volved eight times round the sun whilst Mars is 
revolved once ; and this same argument applies to 
all the planets.^ We cannot here fail to observe 

^ * The apparent motion of the spots upon the sun has long been 
supposed to indicate a motion of rotation in the direction above 
suggested. And the following tables show it to be a mere matter 
of fact that in the different orbits of the planets the fractions by 
wliich the force of the gravitation of the nearest part of the sun 
exceeds that of the remotest are such that their square roots 
represent the actual relative velocities with which the planets 
move in their orbits round the sun. 

* Taking the sun's diameter as 888,000 miles, the relative dis- 
tances from the Aearest and remotest parts of the sun respectively 
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that the velocities of the orbital motions of the 
planets, the squares of which are as the revolving 

are approximately as in the first column of the following table, in 
which that diameter is taken as the unit of measurement : — 



Relative distances from 
nearest and remotest 
parts of sun, in solar 
diameters 



Mercury 
Venus . 
Earth . 
Mars 
Jupiter . 
Saturn . 
Uranus . 



41 

77 

106 

164 

556 

1,020 

2,051 



Neptune 3,212 



42 

78 

107 

165 

657 

1,021 

2,052 

3,213 



Inverse squnres of distan- 
ces pive the p oportion 
which in each orbit the 
gravitation of the re- 
motest bears to that of 
the nearest part of the 
sun 



1,681 

5,929 

11,236 

26,896 

309,136 

1,040,400 

4,206,601 

10,316,944 



1,764 

6,084 

11,449 

27,225 

310,249 

1,042,441 

4,210,704 

10,323,369 



Fraction of direct 
force which acts as 
a revolving force 



83 



3445 

155 
12013 

213 



22685 

329 
54121 

1113 



619385 ~ 

—SLOJLI— — 
2082841 

4103 ,, _ 

8417305 — 

6425 _ 



20640313 



•024092 
•012902 
•009315 
•006078 
•001796 
•000979 
•000487 
•000311 



Sq. Roots 
of fore- 
goin g 
fractions 
give re- 
la t i ve 
velocities 



1552' 
1135' 
0965' 
0779' 
0423' 
0312' 
0220' 
01763 



* The lengths of the orbits increase as the distances from the 
centre increase. And the relative lengths of the orbits, divided by 
the relative periods of the orbital revolution, give the relative 
velocities of the orbital motions, as follows : — 



Relative lengths of Orbits 


Relative periods of re- 
volutions 


Relative velocities of 
orbital motions 


Mercury 
Venus 
Earth 
Mars 
Jupiter . 
Saturn . 
Uranus . 
Neptune . 






41i 

77i 

106 i 

164J 

556^ 

l,020i 

2,051 1 

3,212| 


88 

225 

365 

687 

4,333 

10,759 

30,687 

60,127 


•4715' 
•3444' 
•2917' 
•2394' 
•1284' 
•0948' 
•0668' 
•05342 



' * These decimals are all a fraction larger if extended. The least 
velocity is extended a figure farther to give greater precision when used 
as a divisor in the last table. The relative lengths of the orbits given 
above are based on the distances of the planets from the sun, within 
half a million miles, as given in Michael's Poj)ular Astronomy^ and 
the relative periods of revolution are, within half a day, the actual 
periods.' 
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force, are the apparent velocities as viewed from 
the sun ; that is, the velocities as measured on the 

* The actual velocities deduced from the measurements are the 
same as those in the theoretical table, to within a decimal of the 
least velocity [Neptune's], or an eighty-eighth of the gifeatest 
[Mercuiy's] ; for : 







By actual measurement 


Taking Neptune's velocity 


The relative velocities by the 


they are, according to 


as 10, both tables give, 


theoretical table are as under : 


the preceding table, as 


excepting fractions, the 






under : — 


same velocity as under : 


Mercury 


. 16,520 


47,150 


88 


Venus . 


. 11,350 


34,440 


64 


Earth . 


. 9,650 


29,190 


54 


Mars 


. 7,790 


23,940 


44 


Jupiter 


. 4,230 


12,840 


24 


Saturn . 


. 3,120 


9,480 


]7 


Uranus . 


. 2,200 


6,680 


12 


Neptune 


. 1,763 


5,342 


10 



* The first of the foregoing tables shows that the fraction of the 
sun*s direct force which acts as a revolving force, is, approximately, 
inversely as the distance from the sun.^ And, as the total of the 
direct force is itself inversely as the square of the distance, the 
revolving force of the sun's gravitation is, therefore, inversely as 
the cube of the distance from the sun, approximately ; and, this 
being so, it is then a mere matter of fact that the square roots of 
the revolving forces in the different orbits of the planets represent, 
approximately, the actual apparent velocities with which, if viewed 
from the sun, they would be seen to move, threading their way 
eastwards among the fixed stars. Or, in other words, the rapidity 
with which an orbital revolution is accomplished increases or de- 
creases directly as the square root of the revolving force of the sun's 
gravitation. 

* The revolving force of the sun's gravitation is, therefore, as the 
square of the angular velocity of the motion — that is, the velocity 
as measured on the surface of the sun which causes the motion.' — 
The Ocean, ch. vii. 

* For the ratio is not affected by the length of the solar diameter. 
And, at the actual distances of the planets, the difference between cal- 
culating the force from the surface of the sun, or from a point nearer the 
centre, is too slight to affect the present argument. 



24 THE WINDS. CHAP. IX. 



CHAPTER IX. 

LAGGING OF THE PLANETS IN THEIR ORBITS. 

Immediately we realise the fact that the actual cir- 
culation of the atmosphere, and the actual motion 
of the moon in its orbit, accord with the idea of 
both those phenomena being the result of the exist- 
ence of a revolving force about the earth, acting with 
a power inversely as the cube of the distance from 
its source in the earth, we are then almost forced 
to the conclusion that, if such a power really is the 
cause of the moon's onward motion in its orbit round 
the earth, then the action of a similar force about 
the sun must be the cause of the onward motion 
of the planets in their orbits round the sun. 

On turning to the consideration of this question, 
we are immediately met by a difficulty in the fact 
that, as we do not know what the rotation of the 
sun is, we do not know how much the planets lag 
over its surface. 

As, however, we do know what the onward mo- 
tion of each planet in its orbit is, let us consider 
ler those motions are such as to admit of their 
t ^sAXised by the action of a revolving force about 




CHAP. IX. LAGGING OF THE PLANETS. 25 

the sun, acting with a power which at different dis- 
tances is inversely as the cubes of the distances. 

In respect to this, it is mere matter of fact that 
the squares of the periods in which the planets are 
revolved about the sun are to one another inversely 
as the cubes of their distances from the sun. 

But, as the revolving force of which we are 
seeking evidence is inversely as the cube of the 
distance from the sun ; therefore the squares of the 
periods in which the planets are revolved represent 
the relative amounts of the revolving force in each 
orbit. 

Thus Mars is four times as far as Mercury from 
the sun, so that, as the sun's revolving force is in- 
versely as the cube of the distance from the sun, 
its force in the orbit of Mercury is sixty-four times 
greater than in that of Mars, and Mercury is re- 
volved eight times round the sun whilst Mars is 
revolved once ; and this same argument applies to 
all the planets.^ We cannot here fail to observe 

^ * The apparent motion of the spots upon the sun has long been 
supposed to indicate a motion of rotation in the direction above 
suggested. And the following tables show it to be a mere matter 
of fact that in the different orbits of the planets the fractions by 
wliich the force of the gravitation of the nearest part of the sun 
exceeds that of the i^emotest are such that their square roots 
represent the actual relative velocities with which the planets 
move in their orbits round the sun. 

* Taking the sun's diameter as 888,000 miles, the relative dis- 
tances from the Aearest and remotest parts of the sun respectively 
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According to the theory of vis-inertia?, there is 
no intrinsic difference between the force termed 
friction and that termed gravitation.^ And, * as the 
earth moves, the force of gravitation, which is the 
act by which vis-inertia3 resists that motion, is then 
created by the pre-existing force of vis-inertiae, simul- 
taneously with the creation of the motion which vis- 
inertia3 resists. The force which causes motion is 
being constantly spent by the resistance of vis- 
inertiae, and the creation of gravitation is as con- 
stant — for it is in fact the same act — as the 
destruction^ of the force which causes motion. It 
is in constant process of creation jfrom a pre-existing 
force which is not gravitation, and is as constantly 
being transmuted into some other force or forces, 
which, be they what else they may, are not gravita- 
tion either.' ^ 

And seeing also that the sun's rays have not the 
warming effect in space or even at the surface of the 
atmosphere that they have when they strike the 
earth's surface, it appears that the heat is in some 
manner caused by the contact of the earth's surface 

^ * But even supposing it were only this friction (unassisted at 
all by the vis-inertiae of the ball) which stops its motion, even then, 
since we have shown that this friction is gravitation, and that 
gravitation is vis-inertiae, it is, in fact, the vis-inertise of matter 
which brings the ball to a state of rest* — Vis-Inertice, p. 125. 

^ Or transmutation. 

^ Yis-hiertice, p. 211. 
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with the sun's rays. We may therefore not un- 
reasonably presume the heat to result from the fric- 
tion caused by the motion of the earth's surface 
through the sun's rays ; but then, unless the sun's 
rays move in a vortex with the force which revolves 
the planets, the polar regions would, under such a 
heat-creating action, be slightly hotter than the equa- 
torial regions; for the latter regions would, at noon, 
be striking the sun's rays with a velocity 1,000 
miles an hour less than the polar regions. For the 
polar regions would be passing through the rays at 
the rate of 68,000 miles an hour, and the equatorial 
at 67,000. 

If, however, the sun's rotation carries round its 
rays in the same vortex with the planets, then the 
earth's orbital motion can cause no friction against 
those rays, and the only friction would be that caused 
as the earth's rotation revolves it« surface, in the day 
time, against the course of the vortex in which the 
earth and the sun's rays are together revolved. 

In this case, the transmutation of gravitation into 
heat would be in proportion to the velocity of rota- 
tion in each latitude exposed to the direct action of 
those rays. And it will be observed that if the 
vortex be not only a vortex of force, but of fluid 
matter as asserted by Descartes, and light be undu- 
lations of that matter, then the sun's rays must 

D 
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almost necessarily revolve with the vortex as sug- 
gested by the above considerations.^ 

This latter is strong evidence in favour of Des- 
cartes's opinion. And supposing the suggestion to be 
valid, even though the heat about the earth's surface 
is created by the conflicting action of terrestrial 
gravitation with the sun's rays, we cannot, as far 
as the foregoing arguments are concerned, assume 
that the reaction of the planets on the sun must 
cause a similar creation of heat on its surface. 

It is, however, reasonable to assume that the 
interaction between the sun and other stars must be 
reciprocal, whether that action cause a reciprocal 
creation of heat about each one, or have some other 
effect. And the argument seems to indicate that the 
rays of sunlight, whose action warms the earth, are, 
whether they directly emanate from heat or not, the 
effect of astral gravitation on the surface of the sun. 
For supposing the rotation of the stars to cause a 
reciprocal creation of hght about each one of them, 
then, though the earth is, according to the theory 

* According to this suggested action it would appear that the 
amount of heat evolved by friction on the surface of the moon, as 
it tears through the sun's rays at the rate of two thousand miles 
an hour, must be greater than even at the earth's equator. As, 
however, in this chapter our foundations, as regards the sun's rays 
being revolved with the planets, and the mode in whicb they 
create heat, are not certain, I will not attempt to build too heavily 
upon them. 
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of Vis-InertiaB, held in equilibrium between the 
direct forces of their gravitation, which are to one 
another inversely as the squares of the distances, 
whereas the revolving force of each, whose conflict- 
ing action against the extraneous forces is supposed 
to create the light, not only depends on the velocity 
of rotation of each one, but is also inversely as the 
cubes of the distances; therefore the light received 
from the nearest star might be indefinitely greater 
than that received in the opposite direction fi-om the 
more distant stars. 

The argument, therefore, admits of the idea of 
astral gravitation being transmuted into light by the 
friction of the rotation of the stars, and of terrestrial 
gravitation being transmuted into heat by the friction 
of the earth's rotation against those rays of light. 
In this case the light which emanates fi-om the sun is 
caused by the same conflicting action of solar and 
astral gravitation which carries and guides the earth 
in its orbit. 

And it seems most reasonable to assume that heat 
is the primary creation of the fi'iction of matter 
caused by the rotation of the stars, and that light 
emanates fi-om that heat. If this be so, then an in- 
sufficient velocity of rotation alone prevents terres- 
trial gravitation from being transmuted into light. 
Neither heat nor light are then, as some philosophers 

D 2 
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have asserted, the centrifugal force of the solar 
system, but they are effects of the conflictmg action 
of the centripetal and centrifugal forces. 

If^ in accordance with these suggestions, the 
whole force of gravitation is transmuted into heat, 
it then appears that the heat about the earth is 
caused by the conflicting action of astral and terres- 
trial gravitation, which is also the cause of the nor- 
mal circulation of the ocean and the atmosphere; 
and it might, therefore, at first sight, be suggested 
that if this were so, then the normal circulation ought 
also to be traceable to, or at least show some connec- 
tion with, the action of heat. But, in the first place, 
that circulation is the direct effect of those forces 
acting equably round the earth, whereas the heat 
is nearly all produced by an indirect and interniittent 
action; for it chiefly results from the action of the 
rays emitted by the heat evolved by astral gravita- 
tion in one focus, and, therefore, acting on the earth, 
and transmuting terrestrial gravitation into heat 
chiefly on one side. And, secondly, the heat-creating 
action is not the same in the ocean and atmosphere ; 
for it acts chiefly at the surface of the one, and at 
the bottom of the other fluid. 

Nevertheless, if the suggestions in this chapter 
truly indicate the source of heat, it ought, theoreti- 
cally speaking, to be possible to trace some connec- 
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tion between the action of heat and the existing 
circulation of the ocean and atmosphere; but the 
problem is so complex that, even in the hands of so 
renowned a philosopher as Dr. Carpenter, its solution 
must prove extremely difficult, and cannot, I think, 
result in showing even a general semblance of the 
connection being that of cause and effect.^ 

At any rate it appears that, whereas the normal 
circulation of the ocean and atmosphere is caused by 
the conflicting action of the centripetal and centri- 
fugal forces of gravitation in the terrestrial system ; 
heat on the earth's surface is created by the action of 
the rays emitted by the heat created around the sun 
by the conflicting action of the centripetal and cen- 
trifugal forces of gravitation in the solar system. And 
the extent to which this indirect action of gravitation 
is in concert with, or in opposition to, its direct action 
in the atmosphere, is a practical question of details, 
which we shall investigate in a subsequent chapter. 

* * I have never seen, whether in the Atlantic, the Southern 
Sea, or the Pacific, the slightest ground for supposing that such a 
thing exists as a general vertical circulation of the water of the 
ocean depending upon differences of specific gravity.* ^ — Professor 
Sir Wyville Thompson's Report to the Admiralty y December 5, 1875. 

1 That the water does, under the influence of soT/ie force, rise in the 
equatorial and sink in the temperate regions, is now known to be mere 
matter of fact. And, as heat acts chiefly by creating differences of specific 
gravity, the above quotation from Sir Wyville Thompson shows that the 
connection between its action and the existing circulation is not easily to 
be traced. 
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CHAPTER XL 

THE AIR AS A REVOLVING RING. 

With the results of the arguments of the first nine 
chapters of this volume before us, showing that the 
earth's revolving force extends far beyond its surface, 
just as the direct force of its gravitation does, though 
with a force which decreases more rapidly than the 
latter as the distance from the surface increases, let 
us now, for the sake of illustration, suppose the velo- 
city of rotation to be gradually increased. 

The air is then drawn still more away from the 
polar and accumulated over the equatorial regions, 
and, as the velocity goes on increasing, it at length 
recedes entirely from the polar regions. ' 

As fast as the circulation brings the air to the 
surface of the earth in the temperate zones, it is 
drawn off again over the equator; and at length, as 
the velocity goes on increasing, it cannot rest even 
on the temperate zones, but forms a belt revolving 
over the equatorial regions. At some certain distance, 
above the rotating surface of the earth, the atmo- 
spheric belt must be brought into as perfect a state 
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of equilibrium as when it rested on the earth. For, 
though the centrifugal force be so great as to raise 
the atmosphere off the earth's surface, nevertheless, 
since that force increases or diminishes as the revolv- 
ing force, which latter is inversely as the cube of the 
distance from the earth, whereas the direct force- is 
inversely as the square of the distance; therefore, 
however much the centrifugal may exceed the direct 
force on the surface of the earth, at some certain dis- 
tance above the surface they must be equal. 

When the centrifugal force in the belt is in equi- 




) 
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librium with the direct force of the earth's gravita- 
tion, it is evident that there will still be the same 
conflicting action of forces within the atmosphere 
tending to cause a circulation, as when the air rested 
on the earth. 

For the centrifugal force would still be greatest 
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in the central plane of rotation, E g. And on the 
inside of the belt, at e, the centrifugal force would 
be greater than the direct force of the earth's gravita- 
tion; whereas, on the outside, at ^, the latter would 
be the greater. So that, at some certain height, the 
air must cease to recede from the earth, and must be 
drawn back towards the earth on each side of the 
plane of greatest centrifugal force,^ into which it 
must be drawn again on the inside of the belt, just 
as the trade winds are drawn along the surface of the 
earth. 

^ The upward pressure of the particles in the lower part of the 
plane of greatest centrifugal force prevents those in the upper part 
of that plane from falling back in a direct line, and therefore when 
they reach the height at which the direct force becomes greater 
than the centrifugal, they are drawn back on each side of that 
plane, just in the same manner as the water in a perpendicular 
fountain, prevented from falling back directly, must move out of 
that line of upward force to fall back. 
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CHAPTER XII. 

DESCENT OF THE OCEAN. 

If we suppose an oceanic^ as well as an atmospheric 
belt, such as described, to be permitted by a decrease 
of the revolving force to descend and envelope the 
earth ; then, as the water reaches the earth's surface 
in the temperate zones, it spreads from each of those 
regions towards the nearer pole, forming the polar 
belts of circulation as well as the equatorial belt. 
And it will be observed that with the same forces 

* * In speaking of the wind, the terms used denote the direc- 
tion from which the wind blows ; whereas, in speaking of ocean 
currents, the terms used denote, not the direction /rom which the 
current runs, but that towards which it runs. Thus an easterly 
wind denotes a wind running from east to west, but in the ocean 
an easterly current denotes a current running from west to east. 
In order, in some measure, to obviate the confusion which this in- 
judicious use of terms tends to cause, I have invariably used the 
termination * ward * instead of * /y ' in reference to ocean currents, 
so that as an easterly wind denotes a wind running from the east, 
an eastward current denotes a current running towards the east. 
The ordinary use of these terms has been so confused, and their 
relative meanings so ill-defined, even by the best authorities, 
that the distinction which I have here made does not interfere 
with any previous definition of their relative significations.' — Vis" 
Inertioif p. 18. 
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acting in the ocean and in the atmosphere, causing 
the same system of circulation, then as the under 
strata of the atmosphere rest upon the upper strata 
of the ocean, they both have a westward course in 
the equatorial, and an eastward course in the temperate 
regions. But as the winds blow away from the tem- 
perate zones towards the pole and towards the 
equator, they blow against the normal circulation of 
the ocean. The normal circulation is, however, 
deranged on the earth's surface by the land, which 
turns the water flowing eastwards in the temperate 
zones towards the equator and towards the poles, 
along the surfece as well as along the bottom of the 
ocean, and at the same time increases the flow from 
the equator on the west of each ocean. Thus on the 
east of the ocean the surface is given the same course 
of circulation as the atmosphere, and they therefore 
run in the same direction there, besides both having, 
as already observed, an eastward course in the tem- 
perate, and a westward course in the equatorial, 
regions. 

And besides this, though the land does not de- 
range the normal circulation of the atmosphere so 
much as that of the ocean, still it must have some 
tendency to turn the easterly . winds of the equatorial 
region northwards and southwards from the equator 
on the west of the ocean, thus making the course of 
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the winds along the surface of the ocean still more in 
harmony with the course of oceanic circulation. 

This similarity of the circulation is, in fact, so 
marked that until recently the winds were supposed 
by all philosophers to be the cause of the oceanic 
circulation, for they obviously tend to cause such 
a surface-circulation as just described. But, besides 
this circulation just described, there is the great 
mass of the normal circulation, where not deranged 
by contact with the land, moving from the equator 
towards the temperate zones on the surface of the 
ocean, whilst the winds converge towards the 
equator. 

It is mere matter of fact that this circulation 
carries the warm surface-water from the equator 
to the temperate zones against the course of the 
winds; whilst the cold water flows towards the 
equator below it. 

And also, not only is it a fact that the under 
strata of the ocean flow towards the equator, whilst 
the upper strata flow away from the equator against 
the winds; but the- triviality of the action of the 
winds on the ocean, as compared with that of the 
forces which cause the existing oceanic circulation, 
is still more clearly demonstrated by the fact that 
when the warm surface-water reaches the temperate 
regions, and has thus run against the whole width 
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of the Trade Wind belt, then it sinks in accordance 
with the action of the forces created by the earth's 
rotation, which at the same time draw cold surface- 
water from the polar regions to that same zone of 
downward motion, though the average tendency of 
the winds is to drive the surface-water from the 
temperate zones towards the poles. All this shows 
that the same circulating forces are acting in the 
ocean as in the atmosphere, and that the action of 
the winds upon the ocean is trivial in comparison 
with the action of those forces. The winds run 
with the ocean, and with a faster course, when those 
forces carry them along together; but when the 
normal circulation of the surface of the ocean is 
against the course of the lower strata of the air, it 
runs its course very slightly affected by the action 
of the winds which blow against it. 
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CHAPTER XIII. 

A BELT OP BOULDERS. 

With a still faster rotation than that alluded to 
in the preceding chapter as sufficient to hold the 
ocean and the atmosphere, each as a separate belt, 
above the surface of the earth, the action of the same 
forces would carry everything lying loosely on the 
earth to the equator, and then upwards, to form a 
third belt. That the velocity of rotation might be 
sufficient to cause these rings to be thus held in 
suspension about the earth, without being sufficient 
for such a creation of heat as to dissipate them, is 
indicated by the existence of rings of some such 
nature about the planet Saturn. And, as one of 
the most eminent of modern astronomers recently 
informed the Royal Astronomical Society that the 
earth's rotation is being gradually retarded, we may 
therefore reasonably look back to a time when the 
supposed faster rotation existed. 

Then on the surface of the fiercely-rotating earth, 
whose sky would be the belt of rolling boulders, 
gravel, and sand crashing along through space above 
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it, no life could exist. Nor could life exist on the 
inner belt unless its parts became so united as to re- 
sist the action of the circulating forces. But there 
appears no valid reason why the ocean belt above 
should not, even then, have teemed with life. 

In such case the slow collapse of the ocean to the 
belt of boulders, and with that to the surface of the 
earth, would naturally have formed the first step 
towards enabling life from it gradually to gain a 
footing on the solid ground. And, even admitting 
that man collectively as well as individually, is free 
to take a different course, it seems impossible to 
look back into the far distant past, just depicted, 
without feeling a tranquil assurance that, if the 
higher dictates of conscience and reason are followed, 
the majestic powers of nature that have moulded 
the present from the past will continue to guide and 
guard mankind through changing conditions to yet 
liigher states of knowledge, life, and civilisation. 
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CHAPTER XIV. 

THE ACTION OF THE BARTH's ONWARD MOTION. 

1. Having ascertained that the earth's rotation 
tends to cause a constant circulation of the atmo- 
sphere, we are naturally led to consider what effect 
the motion of the earth in its orbit, or any other 
motion by which it may be carried through space, can 
have on the circulation of the atmosphere. 

In respect to this I have pointed out that an 
action of vis-inertiaB, resulting from a motion of the 
earth southwards, appears to be indicated in the con- 
figuration of the earth by a pressure from south to 
north across the equator, which, as in the southern 
hemisphere it presses the surface from latitudes of 
lesser towards latitudes of greater circumference, 
presses the surface inwards ; and, in the northern 
hemisphere, as it presses from latitudes of greater to 
those of lesser circumference, it tends to make the 
surface bulge outwards. 

The predominance of land in the northern hemi- 
sphere, and the depression of the southern hemisphere 
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in which the Great Southern Ocean lies, accords with 
the action of such a force.^ 

I have also pointed out that the same pressure 
from south to north seems to be indicated in the ocean 
by the tendency to a circulation northwards through 
the central parts of the ocean, and southwards along 
the shores. 

2. It is mere matter of fact that the SE. Trade 
Wind both in the Atlantic and in the Pacific Ocean 
blows across the equator, so that the belt of calms 

^ If it be lU'ged that such a pressure from the south ought to 
heap up the water more than the land in the northern hemispliere, 
the argument tends to indicate that the velocity of the motion has 
once been greater thaii at present, and that the surface of the earth, 
having to some extent solidified whilst under the influence of that 
faster motion, has not receded from the form then assumed so much 
as the ocean has done. It is Just as if, after the surface of the 
earth having solidified as an oblate spheroid under the influence 
of axial rotation, that rotation were to slacken, the ocean would 
tend to recede towards the poles, leaving a belt of land about the 
equatorial regions. 

Mr. Joseph Green last year gave me a paper * On the cause of 
the pyramidal form of the outline of the southern extremities of 
the great continents and peninsulas of the globe,* by his broths, 
Mr. W. L. Green, just reprinted by Edward Stanford from * The 
Edinburgh New Philosophical Journal * for 1857. This pamphlet, 
written without any idea of the existence of a southward motion of 
the earth, gives remarkable corroboration of such a collapsing of the 
southern hemisphere as would naturally result from that motion ; 
and this, too, from the evidence of phenomena which I had not 
before considered as bearing on the subject. Mr. Green has since 
extended his paper to form an octavo volume, which has been pub- 
lished by Mr. Edward Stanford, under the title of * Vestiges of the 
Molten Globe.' 
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formed where the Trades meet to rise upwards, lies 
on the north side of the equator. 

In face of the indications of a southward motion 
of the earth given by the apparent action of vis- 
inertiaB on the surface of the earth and in the ocean, 
the fact of the south-east Trade blowing across the 
equator seems obviously to indicate the action of the 
same pressure from the south. 

3. It is also a mere matter of fact that the belt 
of calms formed between the Trades sways annually 
just as the earth sways in its orbital motion. When 
the southern hemisphere is in advance in the earth's 
orbital motion, so that this latter motion most 
nearly accords with the suggested motion south- 
wards, then the SE. Trade blows farther into the 
northern hemisphere than at any other season of the 
year. And, on the other hand, when the northern 
hemisphere is in advance in the earth's orbital 
motion, then the NE. Trade blows farther south 
than at any other season of the year. 

Thus the position of the belt of calms, and its 
annual swaying northwards from the equator, accord 
with the combined action of the orbital motion of the 
earth and the suggested motion southwards. 

4. It is pf considerable interest here to observe 
that, though the theory of vis-inertiae explodes the 
idea of the circulation of the ocean being paused by 

E 
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that of the atmosphere, it nevertheless is not directly 
at variance with the idea of a transfer of warm sur- 
face water alternately, northwards and southwards 
across the equator, such as that to which the glacial 
epochs have been attributed by Mr. CroU.^ 

For as in the earth's orbital motion the northern 
and the southern hemispheres are alternately inclined 
in the direction of that motion; therefore, if, by ana- 
logy, we may argue from that motion concerning 
the southward motion by which the earth, together 
with the sun and stars, appears to be at present 
moving southwards, we may infer that the southward 
motion is in the line of some vast orbit, and that iu 
the course of that orbital motion, the North and the 
South Pole alternately incline in the direction of the 
motion. But, though this might tend to drive a 
surplus of warm water alternately northwards and 
southwards, I think the relative amounts of warmth 
carried northwards or southwards by the currents 
from the equatorial regions would be much more 
dependent on the configuration of the oceans m the 
latter regions. 

The theory of Vis-InertiaB has, however, shown ^ 
that an obliquity of the ecliptic to the surCs equator^ 
and a consequent eccentricity of the earth's orbit, 

^ Climate cmd Time vn their Geological Relations, A theory 
of secular changes of the earth's climate^ by James Croll. 
^ The Ocean, ch. xxiv. 
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would naturally result from the existence of a dis- 
tant revolving force acting across the plane of the 
sun's rotation, in such a manner as to cause the sug- 
gested motion southwards. And the eccentricity of 
the earth's orbit, together with the precession of the 
equinoxes (which latter results from the obliquity of 
the ecliptic to the earth's equator) is the basis of Mr. 
Croll's theory. 

But, on the other hand, the theory of Vis-Inertia3 
seems to indicate that the obliquity of the ecliptic to the 
earth's equator probably does not depend directly on 
cosmical, but on local terrestrial causes which deter- 
mine the plane of rotation, and have frequently 
changed that plane. And, though the question as to 
whether the suggested change from the present south- 
ward motion to a northward motion is due to a 
gradual swaying of the whole stellar system, or merely 
to a similar swaying of the earth's axis of rotation, is 
a secondary consideration, I think I have, in Chapter 
XXII. of * The Ocean,' given unanswerable argu- 
ments in support of the latter suggestion. 

By such a changing of the earth's axis of rota- 
tion, all parts of its surface would alternately be 
exposed to the heat of equatorial and the cold of 
polar regions, in such a manner as to account for the 
evidences of change of climate, quite independently 
of any eflFects resulting from obliquity and precession. 

£ 2 
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CHAPTER XV. 

THE ACTION OF SOLAR HEAT AND VIS-INERTIJE. 

1. Let us now proceed to consider more in detail 
the course of the winds, and their comparative ac- 
cordance vrith the heating action of the sun's rays, 
and with the current- creating action of Vis-InertiaB.^ 
The best exposition I can make of what may at 
present be considered the orthodox theory of the 
winds, is that the heating action of the sun's rays 
causes the air to flow along the surface of the earth 
towards those parts where that action is greatest, and 
to return in the opposite direction in the upper strata, 
And since the axial rotation of the earth causes the 
heating action of the sun's rays to be more or less 
evenly distributed around all parallels of latitude, so 
that the temperature of the earth's surface is thus 
made greater all round the equatorial regions than in 
the polar regions ; therefore, the air in the equatorial 

^ The remainder of this chapter, excepting the foot notes, is 
formed of extracts from chapter xix. of The Ocean. And, excepting 
sections i., ii., iii., x. and xi., and the last paragraph, it was first 
published in Vis-Inertice in 1868. 



CHAP. XV. SOLAR HEAT AND VIS-INERTIiE. 53 

regions, being heated by the surface on which it 
rests, rises upwards and oversows towards the poles 
in the upper strata, whilst at the same time cold air 
is drawn from the polar to the equatorial regions in 
the lower strata. Then also, by the axial rotation of 
the earth, the air flowing towards the equator is car- 
ried westwards and that flowing towards the poles 
eastwards. 

2. As a mere theory, this is, with one exception, 
simple enough. The exception which I make is 
that I question the congruity of admitting that the 
earth's rotation affects the course of water or air 
when set in motion northwards or southwards by 
other forces, and at the same time denying that it 
has of itself a true current-creating action. I say 
that the denial of the latter is inconsistent with the 
admission of the former action ; because the fact of 
the water tending to retain the motion of that part 
of the earth's surface from which it comes instead of 
naturally taking that of the surface on to which it 
is moved, shows that it does not partake of the 
earth's rotation by any spontaneous tendency, but 
that its motion is communicated to it by the surface 
on which it rests. And if thus dragged along by that 
surface, it must have an inherent tendency to lag. 

3. I will, however, for the sake of considering its 
practical application, ignore the above objection, and 
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treat the theory as if there were no intrinsic incon- 
gruity in it. 

Discarding the exception, a system of aerial 
circulation might doubtless be caused by the theory 
in question. But can the existing winds be effects 
of such cause ? Why is it that the Trade Winds be- 
come more easterly as they approach the equator? 
Since the comparative lengths of the parallels of lati- 
tude increase more gradually they ought, according 
to theory, to become more northerly. At least their 
keeping such a direction by night as well as day 
accords more simply with effects of the earth's rota- 
tion. But let us come to the very root of the 
theory. According to it the difference of tempera- 
ture in polar and equatorial regions causes the cold 
air to flow along the surface towards the warm re- 
gions and from them in the upper strata ; but as a 
mere matter of fact the winds in the lower strata blow 
most steadily from the direction of the equator just 
exactly in the latitudes in which the theory obviously 
requires them to blow strongest and most steadily 
towards the equator. The SW. winds in the northern 
hemisphere, and the NW. in the southern, blow from 
the tropics into and across the temperate zones, 
whilst the Trade Winds blowing towards the equator 
are contained within the tropics. This alone is enough 
to explode the theory ; for though the gradual con- 
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verging of the meridians must bring down the Upper 
Trades, their descension ought normally to be as 
gradual as its cause, and certainly not such as may 
almost be said to cut away the cause of the wind 
itself. The descension of those wiuds as they turn 
eastwards through the temperate zones is a natural 
result of the earth's rotation, and they descend in 
accordance with that action without being much in- 
fluenced by the question whether it brings them 
down upon a sheet of cold water flowing from the 
polar regions, or upon a scorching desert. The sun's 
rays may tend to draw the air upwards over the 
burning Sahara, and to draw a supply from the 
colder regions of the north ; but, in defiance of it, 
the earth's rotation sends the wind plunging down- 
wards on to that desert, and then northwards from 
it across the Mediterranean into Southern Europe ; 
where its heat, and at times the desert dust brought 
with it, attest its origin and paramount power as 
compared with the wind-creating action of solar heat. 
When the NE. Trade blows from farther north, thus 
blowing more in concert with the heating action of 
the sun's rays, then that action may draw surface 
winds from Europe southwards to run into the Trade 
Wind and sweep with it over the Sahara. But those 
surface winds in Europe are a derangement of the 
normal circulation, though exactly in accordance 
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with the circulation which the heating action of the 
Bun's rays is constantly endeavouring to cause. 

4. I will, however, consider more in detail the 
various modifications of the theory which makes the 
heating action of the sun's rays the principal cause 
of the winds. 

According to Dr. Halley's theory, the Trade Winds 
are caused by the heating action of the sun's rays 
causing the air to rise upwards from the surface of 
the^ earth in the equatorial regions, and consequently 
to flow towards the equator in the under strata, and 
from the equator in the upper strata of the atmo- 
sphere ; and then the actual direction of the Trade 
Winds from NE. and SE. towards the equator is 
attributed to that influence of the axial rotation of 
the earth which tends to carry the air moving 
towards the equator westwards, and that moving 
from the equator eastwards : so that, according to 
this theory, the westward motion in the lower strata 
of the equatorial regions must be counterbalanced 
by a corresponding motion eastwards in the upper 
strata ; whereas, according to the theory adduced in 
this volume, the air has an average motion west- 
wards in the equatorial regions, counterbalanced by 
an equal motion eastwards in the temperate zones. 
Now, since it has been ascertained that the air in 
each of the temperate zones has an average motion 
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eastwards, Dr. Halley's theory would give the whole 
mass of the atmosphere an average motion eastwards 
over the surface of the earth, and is, therefore, by 
the admission of the average motion of the air east- 
wards in the temperate zones, rendered absurd ; for, 
though plausible arguments may be adduced to show 
a cause for an average motion of the air westwards 
over the surface of the earth, an average motion 
eastwards is utterly at variance with all reasonable 
causes.^ 

^ I do not see sufficient reason for changing the opinion here 
expressed, though since its publication, in 1868, 1 have had the 
pleasure of reading Professor Laughton's very interesting work,^ in 
which he gives an argument in support of a general motion from 
west to east, and makes the force supposed to cause that motion 
the chi^ cause of the winds. 

Professor Laughton ai^es that the impulse generated by the 
moon's attraction drawing the particle p through the quadrant w z 




carries it on through the quadrant z E ; and at the point E it comes 
under the influence of the * Anti-moon,' under which it is carried 
from E through n to w ; so that the attraction of the moon thus 
gives every particle a * tendency to move in the same direction as 
that in which the earth revolves — ^that is, from west to east/ 

* Physical Geography in its relation to the prevailing Winds and 
Cv/rrents, by John Knoz Laughton, M.A., etc., p. 366. 
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That influence of the axial rotation of the earth 
pointed out by Hadley and admitted by all who 
accept Dr. Halley's theory of the Trade Winds has 
(as shown in Chapter XVIII. of * The Ocean ') been 
erroneously termed a cause of vdnds or of ocean cur- 
rents ; it accelerates the course of the Trade Winds 
over the surface of the earth, whatever may be the 
cause of those winds, because it causes them to take 
an indirect route to the equator, but the time which 
the wind takes to reach the equator from any given 
point is determined by the force which causes the 

Professor Laughton's argument irould, however, be equally valid 
if it were commenced with the particle in the quadrant z e, which 
would then by the same alignment be carried from z to w by the 
impulse generated between e and z. The argument would then have 
to conclude with the assertion that the moon's attraction thus gives 
every particle a tendency to move in the opposite direction to that 
in which the earth revolves — ^that is, from east to west. 

The arguments thus invalidate each other, though the latter 
seems to leave the more plausible conclusion ; for, admitting that 
the moon tends to attract the given particle towards it, it does not 
seem unreasonable to conclude that the particle must have an aver- 
age tendency to follow the motion of the moon from east to west. 

I have, however, in the Treatise on Vis-InertiflB shown that an 
average tendency of the moon's gravitation to carry the air west- 
wards in the equatorial regions, is counterbalanced by an equal 
tendency eastwards in the temperate zones ; and since the publi- 
cation of that work I have been convinced that there is abundant 
practical evidence of an average motion westwards in the equatorial 
regions.' 

* *In the temperate zones the tide outruns the surface on which it 
rests, but in the equatorial regions the surface runs from under the tide.' 
— Vis- Inertia, p. 125. 

' Two tidal pivots, one on each side of the equator, move westwards 
across the ocean, changing their meridian westwards just as the forces 
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wind and is not altered or in any manner affected 
— ^unless, indeed, it be retarded, for it certainly cannot 

which raise the tides change their meridians ; and the westward motion 
in the equatorial regions between these pivots is counterbalanced by the 
eastward motion in the temperate zones on the other side of the pivots — 
and also, on whatever meridian the luni-solar force raises a tide, it draws 
the water from the temperate zones towards the equatorial regions, which 
must return when the luni-solar action is withdrawn — so that the tides, 
like vast cyclones, have a motion of rotation round a central pivot, and 
at the same time a progressive onward motion with the pivot of rotation. 
Thus the tidal undulations have a constant motion westwards in the 
equatorial regions, and eastwards in the temperate zones ; and also from 
the temperate zones to the equator, on the meridian on which the luni- 
solar force raises its tide, and at the same time from the equator to the 
temperate zones 90° west of the latter meridian.' — Vi8-Inerti€B, p. 155. 

* The tides, in fact, follow the course of the ocean currents resulting 
from the action of vis-inertiae, though ocean currents and tides are move- 
ments of distinctly different natures. 

* The ocean currents result from the great cosmical force of gravitation 
drawing in all directions from the centre of the earth, opposing terrestrial 
gravitation drawing towfurds the centre of the earth ; and they form a 
system of circulation within the position in which the ocean is held by 
gravitation, without tending to cause any changing of the position of the 
ocean in relation to the surface of the earth ; and these ocean currents 
would exist with the same average volumes and velocities as at present 
even if the earth were not affected by the gravitation — or by any other 
influence — of the other bodies of the solar system : whereas, the tides 
result from the disturbing influence of the bodies within the solar system, 
which cause a constant changing of the position of the ocean, in accord- 
ance with the changes in their positions in relation to the surface of the 
earth ; but the movements which form the tides are undulations or oscilla- 
tions of the ocean, and not currents, though, where obstructed by coast 
lines, they form currents about the coast. 

* The current-creating action of vis-inertiae is the cause of the currents 
by which the circulation of the ocean is effected, and must form the basis 
of any effective investigation of the tides ; for the study of the tides is, 
in fact, a branch of the study of vis-inertiae, and it is not possible to 
trace out and explain the tidal movements of the ocean without the assist- 
ance of the theory of vis-inertiae, which has revealed the course of the 
earth's onward motion in the universe, and the abstract nature of the 
forces by which it is held in equilibrium as it sweeps along the path de- 
termined by those forces.' — Vis- Inertia, p. 205. 

We have direct evidence of tidal action in the ocean in the changing 
of level ; but in the atmosphere we can have indirect evidence only. 
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be quickened — ^by this influence of axial rotation, er- 
roneously termed a cause of the wind. The only 
manner in which the axial rotation of the earth can 
with propriety be termed a cause of winds or of ocean 
currents is by admitting the current-creating action 
of vis-inertiae, or the conflicting action of astral and 
terrestrial gravitation, in the manner maintained in 
this volume. This theory of vis-inertiaB has, in fact, 
shown that as astral gravitation carries the air west- 
wards in the equatorial regions, terrestrial gravitation 
carries an equal volume eastwards in the temperate 
zones ; and also that, as astral gravitation draws the 
air upwards from the surface of the earth in the equa- 
torial regions, terrestrial gravitation draws an equal 
volume downwards towards the surface of the earth 
in the temperate zones. The position of the atmo- 
sphere as a whole is determined by universal gravita- 
tion, but the conflicting action of astral and terrestrial 
gravitation is causing the particles of air to be con- 
stantly exchanging positions within the limits in 
which they are held by universal gravitation. The 
conflicting action of these forces — which is identical 
with the current-creating action of vis-inertiae— re- 
sults from the motions of the earth, and must con- 
tinue as long as those motions last, whether the sun 
give light and heat or not, it being, in fact, independ- 
ent of the existence of the sun or moon ; and its 
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action, in either the ocean Or the atmosphere, would 
be the same, whether the ocean existed without the 
atmosphere, or the atmosphere without the ocean. 

5. As the idea of the Trade Winds being caused 
by the stars is at variance with accepted opinions on 
the subject, let us consider how the existence of these 
winds is accounted for by some of the most renowned 
of modern philosophers. 

Sir John Herschel says that the phenomenon of 
the Trade Winds ' owes its existence to the earth's 
rotation ; ' and then continues : * These mighty cur- 
rents in our atmosphere, on which so important a 
part of navigation depends, arise from, first, the un- 
equal exposure of the earth's surface to the sun's 
rays, by which it is unequally heated in different 
latitudes ; and, secondly, from that general law in the 
constitution of all fluids, in virtue of which they 
occupy a larger bulk, and become specifically lighter 
when hot than when cold. These causes, combined 
with the earth's rotation from west to east, afford an 
easy and satisfactory explanation of the magnificent 
phenomena in question.' ^ 

Now the two causes, which Sir John Herschel 
mentions as acting in combination with the earth's 
rotation, are together simply the heating action of 

^ Outlines of Astronomy, by Sir John F. W. Herschel, Bart., 
K.H., etc. (London, 1849), sec. 239. 
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the sun's rays ; so that, in the above quotation, Sir 
John Herschel says, in the first part, that the Trade 
Winds owe their existence to the earth's rotation, 
and, in the latter part, that they are caused by the 
heating action of the sun's rays combined with the 
earth's rotation. 

But when Sir John Herschel goes on to explain 
the influence of the earth's axial rotation, referred to 
as acting in combination with the other two causes, 
he admits only that influence, pointed out by Hadley, 
which, we have already shown, is not a caibse of the 
Trade Winds, or of any other wind. Sir John Her- 
schel says that — * these currents, which, but for the 
rotation of the earth, would be simply northerly and 
southerly winds, acquire from this cause a relative 
direction towards the west, and assume the character 
of permanent north-easterly and south-easterly 
winds.' ^ Now, according to this, the influence of 
the axial rotation of the earth changes the direction 
of the winds, but it is not their cause. And this ex- 
planation is at variance with the previous assertion, 
that the phenomenon of the Trade Winds ' owes its 
existence to the earth's rotation.' The earth's rota- 
tion is mentioned in the first part of the quotation as 
that to which the Trade Winds owe their existence, 
and subsequently as acting in combination with the 

» Sec. 241. 
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heating action of the sun's rays ; but, where the 
earth's rotation is mentioned as that to which the 
Trade Winds owe their existence, the fact of the 
equatorial regions all round the earth being, by that 
rotation, brought under the influence of the sun's 
rays, is alluded to ; and this has nothing to do with 
the influence alluded to, when the earth's rotation is 
mentioned as acting in combination with the heating 
action of the sun's rays ; and this confusion is fur- 
ther increased by stating that the Trade Winds, * but 
for the rotation of the earth, would be simply nor- 
therly and southerly winds ; ' for this assertion ex- 
cludes the influence of the earth's rotation, to which 
Sir John Herschel ascribes the existence of the Trade 
Winds ; and, in fact, but for the axial rotation of the 
earth, the winds resulting from the theory in ques- 
tion would not be * simply northerly and southerly 
winds,' but would blow equally from all points of the 
compass, towards one part of the surface of the earth. 

Let us, however, consider this question more in 
detail. Sir John Herschel says : — 

* It is a matter of observed fact, that the sun is 
constantly vertical over some one or other part of 
the earth between two parallels of latitude, called the 
tropics, respectively 23^° north and as much south 
of the equator ; and that the whole of that zone or 
belt of the earth's surface included between the 
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tropics, and equally divided by the equator, is, in 
consequence of the great altitude attained by the 
sun in its diurnal course, maintained at a much 
higher temperature than those regions to the north 
and south which lie nearer the poles. Now, the heat 
thus acquired by the earth's surface is communicated 
to the incumbent air, which is thereby expanded, and 
rendered specificaUy lighter than the air incumbent 
on the rest of the globe. It is therefore, in obedience 
to the general laws of hydrostatics, displaced and 
buoyed up from the surface, and its place occupied 
by colder, and therefore heavier air, which glides in, 
on both sides, along the surface, from the regions 
beyond the tropics ; while the displaced air, thus 
raised above its due level, and unsustained by any 
lateral pressure, flows over, as it were, and forms an 
upper current in the contrary direction, or towards 
the poles ; which, being cooled in its course, and also 
sucked down to supply the deficiency in the extra- 
tropical regions, keeps up thus a continual circu- 
lation.' ^ 

6. But the Trade Winds do not blow towards the 
warm zone here explained, they blow within it ; and 
therefore this is no explanation of those winds. And, 
in fact, instead of the warm air flowing from this 
warm zone in the upper strata, and the cold air 

* Outlines of Astronomy y sec. 240. 
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flowing towards it in the lower strata — which would 
be the natural course of winds resultmg from such 
a theory — the very reverse is the case; the wind 
blows from this warm region in the lower strata, 
and blows towards it from the poles in the upper 
strata. 

If it be contended that the heating action of the 
sun's rays causes the air to flow along the surface of 
the earth towards those parts where that action is 
greatest, and to return in the opposite direction in 
the upper strata; and that, in consequence of the 
axial rotation of the earth, the heating action of the 
sun's rays is, more or less, evenly distributed around 
all parallels of latitude ; so that, the temperature of 
the earth's surface being thus made greater all round 
the equatorial regions than in the polar regions, 
therefore the air in the equatorial regions, being 
heated by the surface on which it rests, rises upwards 
and overflows towards the poles in the upper strata, 
whilst at the same time cold air is drawn from the 
polar to the equatorial regions in the lower strata ; 
and that, in consequence of the axial rotation of the 
earth, the air flowing from the equatorial regions in 
the upper strata is carried eastwards, and that flow- 
ing from the polar regions in the under strata is 
carried westwards ; then we have a simple theory 

F 
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showing how, in the absence of more powerful causes, 
a system of aerial circulation might be formed ; and, 
according to this theory, the unequal distribution of 
temperature over the surface of the earth would be 
the cause of the winds, and their directions would be 
determined by those influences of the earth's rotation 
which Sir John Herschel explains. But though this 
theory explains clearly enough how a system of 
aerial circulation might be caused, it does not ex- 
plain how the system which actually exists is caused ; 
for the circulation which exists is manifestly at va- 
riance with this theory. According to this theory, 
the NE. and SE. Trade Winds ought to blow from 
the polar to the equatorial regions in the lower 
strata, and be accompanied by winds running in the 
opposite direction in the upper strata; whereas, in 
fact, the Trade Winds blow within the tropics, and 
the course of the atmospheric circulation beyond the 
tropics is exactly the reverse of that indicated by 
this theory ; and also, instead of the westward mo- 
tion of the winds blowing towards the equator being 
counterbalanced in every latitude by an equal motion 
eastwards of those blowing from the equator in that 
same latitude, as would result from this theory, the 
average course of the winds is admitted to be east- 
wards through the temperate zones. 

7. These facts — at variance with the present pre- 
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vailing theory of the winds — harmonise with that 
which the theory adduced in this volume indicates 
as the current-creating action of vis-inertiae. Ac- 
cording to this latter theory, the air is raised up- 
wards from the surface of the earth in the equatorial 
regions by astral gravitation, and drawn downwards 
to the surface of the earth, in the temperate zones, 
by terrestrial gravitation ; the force which raises 
the atmosphere in the one case is exactly counter- 
balanced by that which draws it downwards in the 
other case ; the air, raised upwards in the equatorial 
regions, overflows in both directions on reaching the 
limits within which it is held by universal gravita- 
tion ; and the air drawn downwards in the tempe- 
rate zones divides in both directions on striking the 
surface of the earth ; and also, the air in the equa- 
torial regions is carried westwards by astral gravi- 
tation, and that in the temperate zones is carried 
eastwards by terrestrial gravitation; and thus, of 
the air drawn eastwards and downwards to the sur- 
face of the earth in the temperate zones, those 
portions turned towards the poles are carried on 
eastwards, thus forming SW. winds blowing from 
the tropic to the pole in the northern hemisphere, 
and NW. winds blowing from the tropic to the pole 
in the southern hemisphere ; and those portions 

t2 
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turned towards the equator are carried westwards 
by astral gravitation, thus forming the NE. Trade, 
blowing from the tropic to the equator in the north- 
ern hemisphere, and the SE. Trade, blowing from 
the tropic to the equator in the southern hemisphere. 
The course of the winds of the lower strata, thus 
indicated by theory, is that which is known to be 
their average course. 

8. As regards the course of the winds in the 
upper strata, according to the theory of vis-inertia), 
the air raised upwards in the equatorial regions is 
carried on westwards in the upper strata as it re- 
cedes from the equator on both sides, as long as 
it is within the limits in which the force of astral 
gravitation drawing upwards and westwards is 
greater than that of terrestrial gravitation drawing 
downwards and eastwards, but as soon as it passes 
those limits it is carried eastwards and downwards, 
until it at length reaches the surface of the earth, 
to divide, as before described ; so that near the 
limits of the Trade Winds the air in the upper strata 
runs NE.-wards and SE. -wards over and in the 
opposite direction, respectively, to that of the NE. 
and SE. Trades in the lower strata ; but in the 
central parts of the equatorial region the Trade 
Winds are carried on westwards as they are raised 
upwards from the earth's surface, and then diverge 
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NW.-wards and SW.-wards from the equator; so 
that the general motion of the atmosphere in the 
equatorial regions is westwards. 

Now, according to Dr. Halley's theory, the air 
which overflows from the equatorial regions in the 
upper strata must flow from the equator NE.-wards 
and SE.-wards ; that is, in exactly the opposite 
direction to that of the Trade Winds converging 
towards the equator in the lower strata; this is 
assumed to be the course which the air takes from 
the equator, and then the fact of no travellers on the 
highest parts of the Andes in the equatorial regions 
having reached these winds, supposed to run east- 
wards from the equator over the Trade Winds, is 
mentioned as showing at what a surprising height 
above the surface of the earth these winds must run 
their course ; for, according to Lr. Halley's theory, 
the winds which converge westwards in the lower 
strata must diverge eastwards in the upper strata; 
but the fact of those winds not having been met with 
in those regions simply corroborates the theory of 
vis-inertiae contained in this volume ; for, according^ 
to that theory, the winds which converge westwards 
in the lower strata continue their course westwards 
as they diverge in the upper strata, so that in those 
latitudes no such winds exist as have been assumed 
to run in the upper strata counter to the Trade 
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Winds below ; for it is in higher latitudes that the 
easterly winds which counterbalance the westerly 
winds of the equatorial regions are to be found ; and, 
in fact, it is said that on the upper part of the Peak 
of Teneriffe, in about 28^ N., the wind blows almost 
constantly from the west ; and also, when I crossed 
the Andes in about 32^ S., at a height of less than 
14,000 feet, the wind was blowing hard from the 
west, and the guide who was with me, and had 
crossed that pass (the Cumbre) oftener than any 
other man, said that that was the usual wind, and 
that it often blew so hard as to make the ridge im- 
passable. Here then are found, both in the northern 
and in the southern hemisphere, the westerly winds 
which, according to the theory of vis-inertiae, counter- 
balance the easterly winds of the equatorial regions, 
and thus this theory is corroborated by actual obser- 
vations, whilst Dr. Halley's theory hangs on the 
assumed existence of winds at an unknown height. 

Professor Dove, assuming the correctness of 
Halley's theory, which supposes that ' the north-east 
Trade Wind below will be attended with a south- 
westerly above, and the south-easterly with a north- 
westerly above/ ^ remarks that *the level at which 

^ The Law of Storma considered in connection tuith the ordi- 
nary Movements of the Atmosphere, by H. W. Dove, F.R.S., etc., 
translated bj Eobert H. Scott, M.A., etc. (Loudon, 1862), p. 38. 
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this return current commences is so high that it has 
not been ascertained with certainty by the ascent of 
the highest peaks of the Cordilleras in the vicinity of 
the region of calms.' ^ Now, according to the theory 
of Vis-InertiaB, this current, the existence of which 
has not been ascertained with certainty, does not 
exist at all ; Professor Dove, however, continues to 
say, that ' the fact of its existence in that region 
has been clearly demonstrated ; ' but the phenomena 
adduced as demonstrating its existence are, in the 
first place, the fact of ashes from an eruption of the 
volcano of Mome Garou in the island of St. Vincent 
having fallen on the island of Barbadoes, which lies 
100 miles east of St. Vincent. But this phenomenon 
might just as well be taken to indicate the existence 
in the atmosphere of a counter-current analogous to 
the oceanic counter-current e described in connec- 
tion with Plate VIII. ; ^ if, indeed, it were worth any- 
thing as a proof of the correctness of either theoiy. 
And the other phenomenon supposed to prove 
the existence of this assumed SW. Upper Trade 
Wind is that of ashes from an eruption of the vol- 
cano of Coseguiua, in Central America, having fallen 
on the island of Jamaica, 800 miles NE. But Pro- 
fessor TyndaU states that ashes from this same 
eruption feU on the deck of the ship * Conway,' in the 

* Law of Storms, p. 36. * Of The Ocecm. 
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Pacific Ocean, 700 miles SW. fi-om the volcano ; ^ 
so that these ashes do not demonstrate the cor- 
rectness of Dr. Halley's theory; for it is quite as 
reasonable to assume that the ashes which fell 700 
miles SW. disprove that theory as to assume that 
those which fell 800 miles NE. prove its correctness- 
The roaring of one of the explosions in question is 
said to have been heard at a distance of 1000 miles ; 
and, indeed, the normal circulation of the atmosphere 
must be expected to be to some extent deranged 
during such convulsions, which prevents the course 
of these ashes being accepted with any certainty 
as indicating the usual course of the winds. 

9. As regards the subsequent course of the air 
which is carried across the temperate zones along the 
surface of the earth from the direction of the tropics 
towards the polar regions: as, in each hemisphere, 
it converges towards the pole from all directions, it 
must tend to return in the opposite direction fi:om 
the poles in the upper strata, until, as it proceeds on 
its course, it reaches the latitudes in which it is 
drawn downwards and eastwards by the earth's 
gravitation. 

A slight derangement of the normal circulation 
brirgis this upper current prematurely to the surface 

^ Heat a Mode of Motion, by John Tyndall, LL.D., F.R.S., etc. 
Third edition (London, 1868), p. 167. 
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of the earth as a NW. wind in the northern hemi- 
sphere, and as a SW. wind in the southern hemi- 
sphere ; and when, by changes in the relative 
temperature of diflTerent parts of the earth, the 
normal circulation is more completely deranged, this, 
which in the normal circulation is an upper cur- 
rent, glides along the surface of the earth, from the 
polar regions through the temperate zones, towards 
the equatorial regions ; forming NE. winds in the 
northern hemisphere, aiid SE. winds in the southern 
hemisphere. 

10. The monsoons may, I think, be in some 
measure regarded as vertical eddies formed periodi- 
cally below the true Trade Wind of the lower strata. 

For instance, first, as regards the Indian Ocean ; 
the fact of the SW. monsoon commencing at its 
northern extremity, and then gradually , backing 
down towards the equator, might result from its 
being an eddy from the true NE. Trade Wind blow- 
ing higher up from over the higher lands of Asia 
which tend to cause that wind to form an eddy 
blowing back towards the land in the lower strata. 
The natural tendency of the NE. Trade, when blow- 
ing from far north, to form such an eddy, acts in 
combination with the heating action of the sun's rays 
over Southern Asia. The NE. Trade is itself, I say, 
a normal wind whose southward as well as westward 
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course is caused by the earth's rotation. Its changes 
in latitude are certainly due to the earth's motion, 
though their most immediate causes are, I think, 
partly the direct action of that same motion, as well 
as, to perhaps a greater extent, the consequent 
swaying of the sun northwards and southwards be- 
tween the tropics. That as soon as the eddy which 
forms the SW. monsoon has backed down to the 
equator the SE. Trade Wind should run into it, and 
so form a continuous wind blowing along the sur&ce 
of the ocean from the south to the north temperate 
zone, whilst at the same time the NE. Trade, abnor- 
mally elevated, runs into the Upper Trade of the 
southern hemisphere, and so completes the circulation 
between the temperate zones, seems natural enough. 
Thus the SW. monsoon, though in its origin an eddy 
from the NE. Trade Wind, ceases, in consequence 
of its absorption into the Trade Wind system of 
the southern hemisphere, to have that character, and 
becomes an extension of the SE. Trade Wind. 

The NE. monsoon may then be regarded as the 
NE. Trade, following its normal course along the 
surface of the earth, in the absence of either of the 
above-mentioned causes for the formation of an eddy 
below it. 

Secondly, as regards the Atlantic; if the heating 
action of the sun's rays over the continent of Africa 
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is the sole cause of the Trade Winds being drawn 
backwards from the centre of the ocean in the equa- 
torial regions, why is it that the NE. Trade, as it 
blows along the coast of Africa in the latitude of 
the Sahara desert, is not drawn aside towards that 
scorching district ? The cause, considering its proxi- 
mity, might be expected to be more effective than 
the former. 

Thirdly, as regards the Pacific ; can the heating 
action of the sun's rays on the narrow isthmus of 
Panama be considered a sufficient cause for the Trade 
Wind being drawn backwards to that narrow neck 
of land, whUst the Atlantic winds are also pouring 
against it on the opposite side ? May not the back- 
ward motion of the Pacific Trade be in some mea- 
sure regarded as a vertical eddy fi-om the NE. Trade 
as the latter pours over the obstruction which the 
land forms in its course; just as also that same land 
at times causes, on the other side, a horizontal eddy 
from the lower strata of the same wind to run north- 
wards over the Gulf of Mexico and up the basin of 
the Mississippi? 

I say that, though inequalities in the surface over 
which they blow, combined with differences of tem- 
perature, cause the formation of eddies below the 
NE. and SE. Trade Winds, those winds are never 
reversed ; but preserve the continuity of the belts 
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which they form encircling the earth at all times 
unbroken. 

The Trades commence to blow from NE. and SE. 
towards the equator, becoming, as they approach it, 
more and more easterly; so that, even before they 
commence to rise upwards, they in some places run 
directly westwards over the surface of the earth; 
that course, I say, they preserve as they rise upwards; 
they then gradually diverge north-westwards and 
south-westwards, until, as they approach the tem- 
perate zones, they turn northwards and southwards 
respectively, and descend eastwards to the surface of 
the earth. 

Those winds streaming in a westward direction 
over the equatorial regions, converging in the lower, 
and diverging in the upper strata, are the natural 
result of the earth's rotation.^ 

11. Even where solar heat is obviously the imme- 
diate cause of strong gales bursting over a given 
locality, those winds, if of any great extent, are, I 
think, always normal aerial currents merely drawn 

^ The formation of the monsoons, and of the calm belts of the 
tropics as well as that of the equator, all accord with the action of 
vis-inertise ; whereas, though the action of solar heat is doubtless 
a partial cause of the monsoons and equatorial calms, the calm 
belts of the tropics are utterly at variance with that action. They 
are, in fact, formed just about the latitudes across which the action 
of solar heat tends to cause the winds to blow most strongly fix)m 
4he polar to the equatorial regions. 
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more or less aside from their usual course and accele- 

« 

rated by the action of the sun's rays which draws 
them aside. 

This may be illustrated by the Pamperos of the 
River Plate, which have been supposed to be created 
as the sun's rays after scorching the Pampas causes 
the heated air to rise upwards, and to supply its 
place creates the fierce Pampero wind bursting down 
from the summits of the south-western Andes and 
sweeping over the plains. I think it will be found 
that this is not the true origin of the Pampero; but 
that it is a normal current created by the earth's 
rotation and temporarily deflected from its course. 
In fact, I have already described the course of the 
counterpart of this aerial current in the ocean. Like 
its counterpart in the ocean, a current of air from 
the Antarctic regions flows up into the Atlantic. Its 
normal course is first from the SE. ; then, in the 
temperate zones, it becomes westerly; and partially 
branches off into the SE. Trade, and with that into 
the SW. monsoon rising into the upper strata in the 
equatorial regions over the western coast of AMca. 
It is carried from the temperate to the equatorial 
regions in the same manner as the Arctic stream is 
described in Chapter 11.,^ as being drawn into the 
circulation of the equatorial regions. This is a normal 

1 Of The Ocean. 



78 THE WINDS. 



CHAP. XV, 



wind, swaying about over the South Atlantic in its 
course from the Antarctic regions to the temperate 
zone. But when a long-continued drought has 
scorched the Pampas and rendered the atmosphere 
over it hot and sultry, then, instead of describing the 
smaller curve over the ocean, the wind from the 
Antarctic regions rushes on north-westwards to the 
Pampas, and, curving over them, returns north- 
eastwards to the ocean. 

At Buenos Ayres the wind is heralded by the 
appearance of heavy clouds in the SW., with thunder 
and lightning rapidly drawing nearer. I have heard 
it remarked that the dense clouds are swept along 
with the wind from the south-western mountains, 
bringing with them a deluge of rain. And some of 
the winds from that direction are of this nature, 
bringing continuous rain; but the true Pampero is a 
dry wind and brings with it neither rain nor cloud. 
Just before it bursts over the city the air from the 
streets rushes upwards, whilst papers, straws, and 
clouds of dust stream away with it to vanish appa- 
rently in space right overhead ; then suddenly, as if 
by magic, a dense black cloud is spread between the 
city and the sky, causing sometimes almost total 
darkness. Vivid sheets and brilliant streams of 
relight the scene, and the loud thunder, 
been drawing nearer, gives one tearing, 
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crashing peal right overhead, as if rending the very 
heavens; and whilst successive peals sound farther 
and farther from the zenith, in a north-easterly direc- 
tion, the rain reaches the ground in a torrent. But 
the supply for this is limited, for the rain cloud is 
formed from the heated air which rushes upwards 
into the-colder regions above; so that, pouring down 
in one deluge of rain, it vanishes as suddenly as it 
was formed, whilst the true Pampero, clear and dry, 
but fiercely strong, sweeps through the streets. 
When, from dryness of the atmosphere raised up- 
wards or other causes, the formation of the rain cloud 
or precipitation from it is delayed, then the Pampero 
becomes a terrible dust-storm ; it raises from the 
Pampas and drives along before it such masses of 
dust as to turn day into night all along the line of 
its advance. But the rain all the time is forming 
above, and at length falls through the Pampero, 
which behind it is clear and dry. 

Blowing from the cold Antarctic regions, the 
Pampero becomes a thirsty wind in the warmer lati- 
tude of Buenos Ayres ; and instead of bringing rain 
it licks up moisture wherever it touches it. On 
leaving the ocean it must be saturated with as much 
moisture as it can then contain, but as it passes into 
warmer latitudes its capacity for carrying moisture 
increases ; just as also the hot air previously in the 
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city, though apparently parched and dry, contained 
more moisture than it could retain when cooled in the 
upper regions. The suddenness of its ascension causes 
a corresponding suddenness in the formation of the 
rain-cloud from it, and descent of the latter as 
rain. 

From the Pampas the Pampero bursts on the 
Atlantic as a raging south-wester ; and only ceases to 
be a storm when it reaches the region of the SE. 
Trade, where, by means of the fierce velocity with 
which it rushes from the Antarctic regions on to, 
over, and from the Pampas, it is 'up to time ' as, by 
running into the SE. Trade, it rejoins its normal 
course. Indeed, it may probably never be discon- 
nected from the Trade Wind regions, but extend it- 
self over the Pampas by bulging westwards from its 
regular course up the Atlantic. In this case it must 
first touch the coast south from Buenos Ayres as a 
south wind ; the Pampero being established as this 
south wind, supplied by a southeaster, travels west- 
wards. This view best accords with the fact of the 
rise of the water in the River Plate which precedes a 
Pampero. 

If this show the true origin and destination of the 
Pampero, then the atmospheric current, of which a 
part at times acquires that name, is the counterpart, 
as before said, of the great oceanic under-current de- 
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scribed in Chapter 11.^ as flowing from the Antarctic 
to the equatorial regions of the Atlantic Ocean. 

The most natural course for the hot air raised 
upwards from the Pampas as the Pampero advances, 
is eastwards and then downwards on to the Atlantic, 
so as to keep up the westerly wind which forms the 
normal circulation about that latitude. But the de- 
rangement of the circulation might bring it down as 
a westerly gale, or leave a great part of the ocean 
exposed to variable winds. The air raised up from 
the Pampas may, by falling on the ocean in the same 
latitude as a westerly gale, have more to do with the 
rapid fall of the water in the River Plate after the 
Pampero sets in than that wind itself sweeping away 
north-eastwards. 

The great westerly wind which blows round the 
world in the south temperate zone must, after cross- 
ing the Andes, tend to form easterly eddies below it 
analogous to the monsoons formed below the Trade 
Winds.^ Also the coast-line tends to turn an eddy 

» Of The Ocean, 

^ The westerly winds of the tempeitite zones have not so great 
a tendency to form eddies below them after passing over the land 
as the easterly winds of the equatorial regions have, because the 
former come slanting downwards on to the ocean, whereas the 
latter are drawn upwards, and therefore there is an indraught 
towards the land forming an eddy below them. For the same reason 
the westerly winds are more checked by the eastern shores in the 
temperate zones than the easterly winds are by the western shores 
in the equatorial regions. 

G 
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from the lower strata of the SE. Trade south-west- 
wards towards the River Plate ; so that these are 
probably the causes of the north-easterly and easterly 
winds about the mouth of that river ; the former 
being caused by a horizontal eddy from the Trade 
Wind of the tropics, and the latter by a vertical eddy 
from the westerly wind of the temperate zone. An 
unusually sudden and high rise of the water in the 
River Plate, just before a Pampero, may be the 
result of the combined action of these winds driving 
back the water blown up from the south by the 
southerly wind moving westwards from the ocean to 
the Pampas. And also, when the southerly wind 
travels very far west, so that the southerly wind, as 
it comes from the Antarctic regions, blows over the 
southern plains of Patagonia ; then, besides the 
Pampero blowing from the SW., the air raised up- 
wards from the Pampas may sweep down on the 
ocean as westerly and north-westerly gales to fill 
the space vacated by the westerly movement of the 
cold southerly winds. Some such combined action 
of the winds seems requisite to account for the 
extremes of rise and fall which sometimes occur, the 
former immediately before, and the latter immediately 
after the setting in of a Pampero. 

12. According to the theory of vis-inertiae, the 
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Trade Winds certainly do * owe their existence to 
the earth's rotation ; ' for, according to that theory, 
the axial rotation of the earth is of itself a suflBicient 
cause ; but, according to Sir John Herschel's theory, 
in spite of the axial rotation of the earth, there would 
not be any winds at all if it were not for the heat- 
ing action of the sun's rays. According to Sir John 
Herschers explanation, the winds owe their existence 
to — or are caused by — the heating action of the sun's 
rays ; and, according to that same explanation, they 
owe their direction, but not their existence, to the 
axial rotation of the earth. And therefore, accord- 
ing to Sir John Herschel's theory, the only reason 
for attributing the existence of the phenomenon of 
the Trade Winds to the earth's rotation is because 
winds which, if the earth did not rotate, would blow 
in the under strata towards the sun's position from 
all directions, and from the sun's position in the 
upper strata, are, in consequence of the earth's rota- 
tion, turned towards all parts of the equator, from 
NE. and SE., instead of blowing to one part of the 
equatorial regions from all other parts of the world. 

But the NE. and SE. winds, resulting from this 
theory, would blow across the temperate zones, for 
the theory supposes them to be caused by the diflFe- 
rence in the temperature of the polar and equatorial 
regions causing the cold air to glide along the surface 

G 2 
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of the earth, from the polar to the equatorial regions 
from NE. in the northern hemisphere, and from SE. 
in the southern hemisphere; and therefore it is m the 
zones intermediate between the extremes of heat and 
cold that such winds would blow hardest and most 
steadily : whereas, as a mere matter of fact, the nor- 
mal winds of the temperate zones are the very re- 
verse of those indicated by this theory.^ 

* Though Sir John Herschel of course frequently alludes to 
the Anti-Trades, and explains what their course actually is, I 
cannot find that he ever attempts to give any definite reason for 
their existence. 

He, however (in Physical Geography, sec. 52), treats the Anti- 
Trades as a continuation of the Upper Trades, but does not explain 
how the air thus carried from the equatorial to the polar regions is 
returned to the former. 

There doubtless is a crossing of the air between the equatorial 
and the polar regions ; and it seems to me that one of the piincipal 
causes of that crossing is the constant tendency of solar heat to 
reverse the Anti-Ti'ades. 

Captain Maury, however, fairly faces the question, and says : 
* The prvmum mobile of the air is derived from change of specific 
gravity induced by the freezing temperature of the polar regions, 
as well as from change of specific gravity due to the expanding 
force of the sun's rays within the tropics. 

* Therefore, fairly to appreciate the extent of the influence due 
to the heat of the sun in causing the winds, it should be recollected 
that we may with as much reason ascribe to the intra-tropical heat 
of the sun the north-west winds, which are the prevailing winds of 
the extra-tropical regions of the southern hemisphere, or the south- 
west winds, which are the prevailing winds of the extra-tropical 
regions of the northern hemisphere, as we may the Trade Winds, 
which blow in the opposite direction. Paradoxical, therefore, as 
it seems for us to say that the heat of the sun causes the winds 
i)etween the parallels of 25° or 30° north and south to blow towards 
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This theory, therefore, as before mentioned, does 
not explain the Trade Winds at all ; for those winds 
do not blow from the cold to the warm regions of 
the earth, but are contained within the warm re- 
gions. And though this theory shows how a system 
of aerial circulation might be caused in the absence 
of more powerful causes of circulation, it does not 
show how the actual system of circulation which 
exists is caused ; for, in the actual circulation of the 
atmosphere the winds (the Anti- Trades) blow along 
the surface of the earth from the direction of the 
tropics through the temperate zones towards the 
poles, which is exactly the reverse of that indicated 
by the theory in question. 

Professor Dove, referring to the North Atlantic 
Ocean, says : ' Between 25° and 30° this du'ection 
(NE.) holds only on the eastern side of the Atlantic 

the equator, and that it also causes the prevailing winds on the 
polar sides of these same parallels to blow towards the poles, yet 
the paradox ceases when we come to recollect that by the process 
of equatorial heating and polar cooling which is going on in the 
atmosphere, the specific gravity of the air is changed as well as the 
level/ ^ But, as the action of cold is not shown to tend to raise 
the air upwards in the polar regions, all this does not appear to me 
to be more than a reason for the existence of Trades and Upper 
Trades. I see no definite reason in it for the existence of upper- 
currents from the poles and under- currents to the poles. The 
difference of temperature tends to cause the Trades, but it is not 
shown how it tends to cause the Anti-Trades. 

* Physical Geography of the Sea, sees. 153, 154, 
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Ocean, as on the western side the wind is southerly 
during the summer months ; ' and ^ between SO"" and 
35° southerly winds are prevalent over the whole 



ocean.' ^ 



Now the latitudes here mentioned are precisely 
those in which, according to the theory supported by 
Professor Dove and Sir John Herschel, the NE. 
winds ought to blow most steadily ; instead of which 
the SW. winds blow from these latitudes along the 
surface of the earth through the temperate zones 
towards the cold regions : so that the actual course 
of the winds, as stated by Professor Dove himself, 
refutes the very basis of Halley's theory, as mo- 
dified in the endeavour to bring it into harmony 
with facts by the greatest authorities who advocate 
it at present. 

13. Halley's theory supposes the winds to be 
caused by the heating action of the sun's rays ; but 
the manner in which this heating action takes efifect 
is variously explained according to the ideas of those 
who endeavour to make that theory harmonise with 
facts. 

By a view of this theory somewhat diflferent from 
that taken by Sir John Herschel and Professor Dove, 
a more immediate action of the sun's rays on the 
atmosphere is considered as the cause of the winds, 

* Law of Storms, p. 28. 
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instead of the difference in the heat of the surface of 
the earth at the equator and poles ; and it is said that, 
^ as the sun is continually shifting to the westward, 
that part towards which the air tends, by reason of 
the rarefaction, is with him carried westward, and 
consequently the tendency of the whole body of air is 
that way, hence a general easterly wind is formed, 
which, being impressed upon all the air of a vast 
ocean, the parts impel one another, and so keep 
moving till the next return of the sun, by which so 
much of the motion as was lost is again restored, and 
thus the easterly wind is made perpetual/ ^ But 
analogy shows that where the wind-creating action is 
intermittent, the winds resulting from that action are 
themselves intermittent; and, therefore, though Sir 
John Herschers explanation shows how a steady sys- 
tem of aerial circulation might be caused, this differ- 
ent explanation does not. But, on the other hand, if 
it be once admitted that the air could, in the manner 
above supposed, keep itself moving all through the 
night, until the next return of the sun, then this 

1 Noriega Navigation, Eighteenth edition (London, 1864), 
p. 156. This is Halley's original theory as brought before the 
Eoyal Society in 1686. The effect of the different velocity of 
rotation in different latitudes was pointed out by Hadley in 1735 ; 
and (as I have already pointed out) the admission of this action of 
the earth's rotation necessitates the admission of a true current- 
creating action resulting from that rotation, which Descartes had 
previously asserted to be the cause of the Trade Winds. 
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theory might be made to explain a system of Trades 
and Anti-Trades, which Sir John Herschers view does 
not. But it is useless to prune a tree whose roots are 
gone; and it is as useless to endeavour to make 
Halley's theory account for the system of aerial cir- 
culation which exists; for, in fact, the sun's rays do 
their best to derange the normal circulation of the 
atmosphere, just as we have also shown ^ that the 
heating action of the sun's rays tends to derange the 
normal circulation of the ocean.*"* 

If the cold NE. winds which at times, sweeping 
along the surface of the earth, pass over the British 
Islands, have their origin in the frozen regions of 
Spitzbergen and Siberia, and continue their course 
onwards in the same direction so as to form the NE. 
Trade Wind within the tropics, then that is such a 
wind as would result from the action of the sun's 
rays ; but the NE. wind is not the normal wind of 
the British Islands ; when the NE. wind blows the 

1 See footnote on p. 52. 

2 Referring to what I have said on this subject on page 37, I 
notice that whilst this volume has been passing through the press 
Dr. Carpenter has announced that he is preparing a work for 
publication under the title of The Physical Geography of the Sea. 
I can scarcely believe that it is Dr. Carpenter's intention to sustaia 
the theory of oceanic circulation which he brought before the 
Eroyal Geographical Society in 1869 ; but at any rate I hope to 
be able, immediately after its publication, to reply to it and to 
show that all Dr. Carpenter's learning and ability cannot avail to 
sustain the temperature theory against that of Vis-Inerti». 
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normal circulation is deranged: and this wind sim- 
ply exemplifies the manner in which the heating 
action of the sun's rays tends to derange that normal 
circulation of the atmosphere of which it has errone- 
ously been assumed to be the cause. 

14. In whichever manner Halley's theory is ex- 
plained, the winds are, according to that theory, 
caused by the heating action of the sun's rays ; and 
the influence of 'the axial rotation of the earth, as 
admitted by Hadley, or any of the authorities above 
mentioned who support Halley's theory, is not, 
strictly speaking, a cause of the winds at all: the 
axial rotation of the earth may be said to cause the 
sun's heat to be evenly distributed round the equa- 
torial regions, and so to determine the course of the 
winds over the surface of the earth ; but even so, 
according to that theory, the winds are caused by 
the heating action of the sun's rays, and not by the 
earth's rotation; and we have shown that the cir- 
culation which exists is not such as would naturally 
result from Halley's theory ; whereas, according to 
the theory of Vis-Inertiae, the axial rotation of the 
earth would caicse that which is admitted to be the 
normal course of the atmospheric circulation which 
exists (as far as its actual course has been clearly 
ascertained by observation), even supposing the sun 
to have no influence on the atmosphere, in any 
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mauner: so that the confusions and contradictions 
involved in the endeavours to make Halley's theory- 
account for the winds which exist might be avoided 
by simply admitting the current-creating action of 
Vis-InertiaB as maintained in this volume. But this 
has never been done by any philosopher acquainted 
with and accepting the general principles of the as- 
tronomical views prevailing during the last two hun- 
dred years, because those views are based upon the 
assumption of the heavenly bodies having an innate 
tendency to move uniformly in straight lines,^ and the 

* * That any bodies liave an innate tendency to move uniformly 
forwards in a right line is mere assumption. And this has been 
assumed to be so because it was found that the sun's gravitation is 
constantly tending to draw the planets towards it ; but as they do 
not approach the sun, it is clear that an equal force tends to carry 
them in the opposite direction ; and this force, acting in opposition 
to solar gravitation, is assumed to be an innate tendency in the 
planets to move in straight lines, fi-om which they are constantly 
deflected by the gravitation of the sun. This is mere assumption. 
It is not based on any known phenomena. 

* It may perhaps be said that in the simple case of a ball, thrown 
in the air or rolled on the ground, being set in motion, its vis- 
inertiae tends to keep it in motion until it is stopped by the resistance 
of the air or the ground against which it runs. This is an error. It 
is not the vis-inertise of the ball which tends to keep it in motion. 
It is vis-inei'tise, and vis-inertise only, which stops, and must in 
time stop the course of that ball. Vis-inertise resists the motion 
of the ball from first to last. And it is because the force which 
pet the ball in motion is not continuously acting, and because the 
force of vis-inertisB is continuously acting, tending to bring it US 
rest, that, no matter what the original velocity of the ball may be, 
its motion must at length be spent. 

* If the force which set a body in motion continue to act con- 
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admission of this current-creating action of Vis- 
TnertiaB would be the admission of the thin end of a 
wedge which must shatter the very foundations of 

stantly upon it, the motion will be continued ; but if the motive 
force be removed, then vis-inertise, so far from tending to keep the 
body moving onwards in the motion communicated to it, must and 
will, sooner or later, according to circumstances, bring the body to 
a state of rest. 

* In the case of the ball just mentioned, the ball is taken from a 
state of rest ; a certain amount of force is requisite to take it from 
that state of rest, and that force is spent to overcome the vis-inertis3 
of the ball ; still more force is requisite to hurl the ball into the 
air or along the ground. And the reason why the air t^ids to 
resist and check the motion of the ball is because the ball has to 
displace particles of the air in its passage ; and as motion from the 
ball is communicated to those particles, less in proportion remains 
in the ball. This is the same if the ball be rolled along the ground. 
The particles it strikes or touches, it tends, more or less, to move ; 
but the vis-inertise of those particles tends to keep them at rest, 
and therefore resists the effort of the ball to move them ; and thus 
the ball and the particles of air or earth set in motion by the ball 
are at length brought to a state of rest by the vis-inerti89 of matter. 

* Now there is certainly no more reason for supposing the vis- 
inertise which brings the whole to a state of rest to reside in the 
particles of air and earth set in motion by the ball than in the ball 
itself set in motion by the hand. In faut, a certain amount of 
force is exerted to overcome the vis-inertise of matter, and an amount 
of motion in the ball and particles of air and earth which it 
sets in motion is caused in proportion to the motive force exerted ; 
but, as the motive force is not continuously exerted, it must at 
length be exhausted, and the bodies set in motion be brought to 
a state of rest by the vis-inertise of matter. 

* It thus appears that if in any body whatsoever there be not 
some motive force acting continuously to keep it in motion, its 
own inherent property of vis-inertise must (even if no other cause 
arise), in the course of time, bring it to a state of rest.' — The 
Ocecm, ch. v. 
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their cosmical theory, and involve a radical remodel- 
ling of the manner in which astronomical phenomena 
have hitherto been expounded. 

The theory of epicycles explained the apparent 
motion of the planets and stars, supposing the earth 
to be the centre of the universe. And so also the 
theory of the planets tending to move in straight 
lines under the action of ' an original push or im- 
pulse' serves to explain their motions. But the 
object of true philosophy is to ascertain how the 
motions actually are caused; not how they might 
be caused. 
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